THE  MOST  DEPENDABLE  RADIO  TELETYPE 
OPERATION 


IREMENUOUS  speeds  ran  be  attained  by  using  automatic  equipment... 
but  wben  tbe  noise  level  rises  and  tbe  signal  is  down,  ordinary  make  ami 
break  CW  operation *require8  a  reduction  in  receiving  speed,  otherwise 
traffic  piles  up. 

Under  the  same  conditions  Frequency  Shift  literally  reaches  in  and  picks 
out  the  signal...  despite  the  noise ...  which  provides  an  effective  15  to  20  db 
increase  in  the  sianal  to  noise  ratio. 

Frequency  Shin  is  the  only  proven  method  of  transmitting  radio  teletyite 
communication  o|>emtion.  PW  is  using  12  international  radio  press  channels 
24  hours  a  day  on  carrier  shift  operation  handling  lietter  than  80%  of  the 
world'wide  news  coverage.  This  volume  is  made  possible  because  the  dim* 
ination  of  misprints  and  drop-outs  com- 
nutii  to  ON  and  OFF  radio  teleprinter 
circuits,  resulting  from  amplitude  dis¬ 
turbances,  are  effectively  eliminated 
when  you  use  Frequency  Shift  trans¬ 
mission. 

FW's  Frequency  Shift  is  adaptable  to 
any  present  transmitting  and  receiving 
equipment.. .with  slight  modification.  It 
(lermits  ease  of  transmitter  adjustment 
assuring  h  igher  spee<ls . . .  makes  possible 
Moduplex  operation  and  the  use  of 
ra«lio-photo  equipment. 

For  further  information  c«>ncerning 
Fre«|uencv  Shift  write  Dept.  709  Press 
Wireless  Mfg.,  Corp.,  Executive  Offices, 

147.5  Broadway,  New  York  18.  N.Y.,l'SA 


UNITS  IN  THE  PW  '"PACKAGE 


AND  'TtLEfHONF  TRANSMITt£RS 
FREQUENCY  SHIFT 
RADIO-FHOTO 

COMMUNICAnON  RECEIVERS 


Yswr  imtallotioflissnginnrtdfrein  any  (0~; 
bination  of  lha  abovfi  ftandardiiad  PW  u-itT; 


BUSINESS  BRIEFS 


By  W.  W.  MacDONALD 


When  -A  New  Column  Bows  it  channels  by  any  route  will  prob- 
assumes  an  attitude  that  makes  it  ably  carry  lower  prices.  Even  so, 
equally  easy  for  readers  to  admin-  we  will  stick  our  neck  out  to  the 
ister  a  pat  on  one  end  or  a  kick  at  extent  of  predicting  little  disturb- 
the  other.  We  hope  Business  Briefs  ance  of  the  market  for  newly 
will  merit  the  former,  but  in  any  manufactured  apparatus  because 
event  comment  will  be  welcome,  many  ultimate  users  already  have 

a  cellar  full  of  fancy  but  not  par- 
This  Monthly  Stint  stems  from  a  ticularly  useful  gimmicks  and  will 
growing  conviction  that  while  be  more  critical  of  what  they  buy 
technical  material  is  and  always  from  here  on  out. 
must  be  the  engineer’s  bread-and- 

butter  literature  it  would  be  profit-  Receiver  Production  broke  all- 
able  for  the  boys  in  the  back  room  time  records  in  October,  with  1,- 
to  know  more  about  matters  of  cur-  671,000  sets  rolling  off  the  lines, 
rent  concern  topside,  particularly  Last-quarter  figures  are  incom- 
if  they  nourish  an  ambition  to  plete  but  it  appears  that  more  re¬ 
muscle  into  management.  ceivers  may  have  been  produced 

The  plan  is  to  provide  this  infor-  fn  1946  than  in  1941,  when  13,642,- 
mation  in  capsuled  form,  and  the  000  were  made, 
following  items  represent  our  Dollar  volume  is  another  story, 
breadboard,  or  subject-to-design-  and  not  so  rosy  despite  high  prices 
change,  stab  at  it.  because  of  the  preponderance  of 

small  sets.  But  it  is  encouraging 
to  note  that  production  of  radio- 
phonograph  consoles  rose  from 
105,000  in  September  to  125,000  in 
October  and  that  sets  having  f-m 
facilities  moved  up  from  17,500  in 
September  to  23,800  in  October. 


•  IT  COSTS  LESS 
•  irS  SMALLER 
•  IT’S  LABOR-SAVING 

MiW 

KJULLUJjI. 

SeletronHsMi 

MIIIIATVKI 

seunufM  Rienmn 


v-Ine  stud,  two  quick  soldered 
connections  and  it’s  in!  Usually  costs  less 
than  the  tube  and  socket  it  replaces. 
Compact— less  than  1  cubic  inchf  Instant 
starting,  cooler  operation  and  longer  life. 

Radio  Receptor,  famous  for  Seletron 
built-on-aluminum  -  selenium  rectifiers 
now  offers  this  MINIATURE  unit  to  re¬ 
place  rectifier  tubes  in  radio  sets,  ampli¬ 
fiers  and  other  electronic  devices. 

Qicks  with  radio  users  because  it  has 
no  fragile  parts^ . .  eliminates  rectifier 
tube  replacements  . . .  helps  baneries  last 
longer.  Submit  your  problems. 

Write  for  details 


Business  Outlook  for  1947  is  con¬ 
sidered  good  by  most  electronic 
equipment  manufacturers  con¬ 
tacted  just  before  presstime,  pro¬ 
vided  strikes  in  basic  industries 
do  not  throw  a  monkey  wrench  into 
the  works  for  everybody.  Home 
radio  makers  hedge  a  little,  say  Broadcast  Station  Equipment 
much  will  depend  upon  whether  or  shipped  by  RMA  members  in  the 
not  the  market  can  be  quickly  first  half  of  1946,  consisting  of 
cleared  of  the  present  glut  of  over-  transmitters,  studio  accessories 
priced  small  sets.  and  antennas,  totalled  $1,758,573 

in  value,  $395,511  worth  was  ex- 
Major  Problems  facing  manage-  ported, 
ment  include  the  inefficiency  of  Of  the  domestic  dollar  volume 
labor  and  material  shortages,  two  on  transmitters  alone  63  percent 
factors  that  hike  costs  and  force  was  for  a-m  equipment,  19  for  tele¬ 
factories  to  run  the  risk  of  pricing  vision  and  18  for  f-m. 
themselves  out  of  the  market. 

There  is  no  certainty,  but  there  F-M  Applicants  appear  to  be 
does  appear  to  be  some  hope  of  re-  specifying  one  of  nine  transmitter 
lief  on  both  counts  in  the  first  half  brands  at  the  present  time  (please 
of  the  new  year.  don’t  ask  us  which  they  are!), 

with  less  than  two  percent  indica- 
Surplus  Equipment  seen  on  a  ting  that  they  plan  to  use  compos- 
swing  around  several  government  ite  gear.  Manufacturers  in  a  posi- 
warehouses  leads  us  to  believe  that  tion  to  ship  hot  high-gain  antennas 
the  stuff  dumped  on  the  market  to  with  their  transmitters  are,  it 
date  is  just  a  drop  in  the  bucket  seems,  in  the  driver’s  seat  at  the 
compared  to  what  is  coming.  A  moment. 

lot  of  it  will  go  to  junkies  as  scrap  Over  90  percent  of  the  paper 
but  there  is  little  assurance  that  work  involved  in  filing  an  applica- 
they  will  break  it  up.  tion  is  done  by  Washington  con- 

Gear  finding  its  way  into  trade  sultants.  How  much  they  influence 
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FOR  IMMEDIATE 
DELIVERY 

Standard  Loop  Antennas 
and  Buik  to  your  Specifications 

la  Multi'band  combintdjoTi  loop  An* 
tenna  and  Radio  Back. 

2ii  Broadcast  Loop  Antenna  and  radio 
back  combination  with  phone  jack,  out¬ 
side  antenna  connection,  aligning  trimmer. 

3a  High  Q  Loop  Antenna,  polyethylene 
insulated  wire. 

Basket  weave  loop  Antenna. 


Also,  I.  F.  Transformers,  All-Wave  Osc. 
Coils,  R.  F.  Coils,  Antenna  Coils,  and  sole¬ 
noid  wound  loop  antennas 

Standard  types  and  to  your  specifications. 


I 

ELEaRK  PRODUCTS  CORP. 


1057  SUMMIT  AVENUE.  JERSEY  CITY.  NEW  JERSEY 
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(continued) 


applicants  in  the  selection  of 
transmitter  brands  cannot  be  pre¬ 
cisely  determined  but  it  is  known 
to  be  considerable. 

Second  Coming  of  Television, 
touched  off  at  the  TBA  Conference 
in  October,  produced  a  raft  of  pre¬ 
dictions.  Frank  Mans^ld  of  Syl- 
vania  said  400,000  receivers  could 
readily  be  sold  in  1947.  Ernie  Vo¬ 
gel  of  Farnsworth  thinks  750,000 
to  1,000,000  would  move  this  year 
if  the  industry  could  make  them. 
Merlin  Aylesworth  estimates  there 
might  be  2,000,000  in  use  by  the 
end  of  1948.  Joe  Gerl  of  Sonora 
expects  that  25,000,000  will  be  man¬ 
ufactured  in  the  next  decade. 

Electronic  Heating  and  dia¬ 
thermy  are  easily  confused,  some- 
limes  with  unhappy  results.  Sto¬ 
ries  about  radio  interference 
caused  by  medical  apparatus  are 
a  dime  a  dozen  and  the  tendency 
is  to  dump  industrial  gear  into  the 
same  basket.  Yet  we  have  heard 
of  no  case  in  which  induction  ap¬ 
paratus  has  been  responsible  for 
widespread  racket  and  know  of 
only  two  authenticated  instances 
in  which  noise  from  dielectric 
equipment  achieved  dx. 

College  Contracts  with  OSRD 
ran  into  fancy  figures  during  the 
war,  the  take  of  25  schools  gross¬ 
ing  over  a  million  by  mid-1945 
totalling  $335,000,000.  Big  six 
among  the  many  non-industrials 
easily  earning  their  money  were 
MIT,  with  approximately  $117,000,- 
000  on  its  books.  Cal  Tech  $83,000,- 
000,  Harvard  $31,000,000,  Columbia 
$29,000,000,  California  $14,000,- 
000  and  Johns  Hopkins  $11,000,- 
000. 

Just  how  much  of  this  work  was 
electronic  we  cannot  tell,  but  it  is 
known  that  better  than  55  percent 
of  the  business  placed  with  indus¬ 
trial  contractors  by  the  Office  of 
Scientific  Research  and  Develop¬ 
ment  was  in  our  field. 

British  Production  Capacity  sky¬ 
rocketed  during  the  war  and  this 
plus  plenty  of  uses  for  dollar  ex¬ 
change  has  prompted  aggressive 
promotion  of  test  equipment  and 
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record  players  on  our  shores.  In¬ 
quiry  indicates  that  consumer  in¬ 
terest  is  considerable,  which  is 
understandable  in  view  of  the  fact 
that  in  one  of  these  categories  at 
least  American  manufacturers  are 
just  starting  to  roll  out  compar¬ 
able  high-quality  gear. 

Just  how  well  the  visitors  will 
do  when  our  own  first  team  takes 
the  field  remains  to  be  seen.  Mean¬ 
while,  welcome  brothers. 

Army  Appropriation  for  1947 
basic  research  in  all  fields  is  ;^70,- 
000,000.  Navy  has  earmarked  $45,- 
000,000.  About  14  percent  of  the 
Navy  nut  will  apparently  be  spent 
with  the  electronics  industry. 
Army  telleth  not. 

We  have  a  list  of  firms  to  whom 
development  contracts  have  al¬ 
ready  been  awarded  by  both  Serv¬ 
ices  but  they  are  naturally  chary 
about  telling  who  is  doing  what 
and  how  much. 

Ham  Licenses  totalled  60,000  be¬ 
fore  the  war.  Approximately  7,000 
more  were  issued  during  the  shoot¬ 
ing.  There  are  about  75,000  now, 
and  the  FCC’s  hard-pressed  per¬ 
sonnel  has  just  about  caught  up 
on  renewals. 

The  rate  at  which  new  applica¬ 
tions  are  coming  in  indicates  a 
total  around  100,000  two  years 
from  now.  This  is  considerably 
under  earlier  predictions  but  it 
still  represents  one  whale  of  a  lot 
of  brass-pounders. 

Factory  Locations,  figured  out 
for  those  who  have  written  in  and 
asked  where  firms  making  elec¬ 
tronic  equipment,  accessories  and 
components  are  concentrated,  are 
as  follows : 

Middle  Atlantic  States  43.59, 
East  North  Central  29.62,  New 
England  12.67,  Pacific  7.35,  West 
North  Central  3.23,  South  Atlantic 
2.24,  East  South  Central  0.55,  West 
South  Central  0.55,  Mountain  0.30.  | 

Salaries  paid  design  and  devel-  i 
opment  engineers  by  12  eastern 
radio  and  electronic  equipment 
manufacturers  average  $5,600. 
Production  engineers  get  $4,100 
and  Juniors  $3,000. 

Attorneys  practicing  regularly 
before  the  FCC  total  140. 


CASE 

HISTORIES  ^  ett4^e4 

FELSENTHAL  TAKES  IT 
From  Blueprint  to  Product 


As  beautiful  as  a  piece  of  hand-wrought 
jevv^elry,  it  seemed  as  though  this  Tem- 
pletone  radio  dial-escutcheon  would 
have  to  be  hand-made,  if  made  at  all .  . . 

For  economy  as  well  as  functional  beauty 
we  chose  Polystyrene  for  this  injection 
molded  radio  part,  .  .  .  BUT  the  two- 
tone  effect — gold-colored  lettering 
sharply  abutted  against  a  maroon- 
sprayed  area  —  seemed  impossible  to 
manufacture  by  mass  production 
methods. 

Then  Felsenthal  engineers  came  up  with 
a  specially-built  mask  and  special  paint 
that  permitted  high-speed  spraying  and 
painting — yet  left  the  gold  letters  clean 
and  sharp  to  a  hairline.  Here  is  another 
case,  again  illustrating  the  point:  "If 
you  can  lay  it  out  on  blueprints,  Felsen¬ 
thal  can  put  it  out  in  plastics." 


V  tAS  T I C  S 


Writ» 

TODAY 


4121  W.  GRAND  AVI.,  CHICAGO  SI,  ILL. 


INJECTION  MOLDING 
LAMINATING  •  FABRICATildG 


I 


ELECTRONICS  — Jonuory.  1947 


69 


P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


the  termiiials 

feature  two-point  fastening 


This  Mallory  RL  Switch,  designed  for  low-power  industrial  applications,  is  known  throughout  the 
industry  for  its  durability  and  dependable  performance. 

Notice  how  the  terminals  are  fitted  right  into  the  stator — firmly  held  without  rivets  or  staples.  No 
chance  of  their  wobbling  loose!  The  terminals,  in  turn,  are  solidly  built  of  spring  brass  material  which 

is  heavily  plated  with  silver.  Notice,  too,  the  high  lift  and  flexing  - 

ability  of  the  terminals.  That’s  to  provide  a  self-cleaning  action,  i^— .a— -L - r _ 

better  electrical  contact.'  _ 


insuring 

Contributing  still  further  to  rugged  design  are  the  stators  of  this 
RL  Switch.  They’re  made  of  heavy  phenolic  to  provide  good 
insulation  and  to  withstand  rough  usage.  Rotor  contact  slugs 
are  of  solid  coin  silver,  common  ground  rings  are  of  brass, 
heavily  silver-plated:  these  features  combine  to  assure  long  life. 

The  RL  Switch  offers  from  1  to  6  circuits  per  section  with  30 
degree  indexing — from  1  to  3  circuits  per  section  when  60  degree 
indexing  is  used.  RL  Specification  Sheets  will  give  you  more  of 
the  story.  Send  for  them  without  obligation.  Call  on  our 
engineers  any  time  for  extra  help. 


ASK  FOR 

RL  SPECIFICATION  SHEETS 

Printed  on  thin  paper  to  permit 

i  blueprinting,  these  sectional  draw¬ 
ings  indicate  standard  and 
optional  dimensions — make  it  easy 
for  you  to  order  production  samples 
buUt  to  meet  your  requirements. 
Standard  HI  switches  are  obtain¬ 
able  from  your  nearest  Mallory 
•  Distributor. 


f▼IMLLVIf  I  swiTCitES 

(ELECTRONIC,  INDUSTRIAL  and  APPLIANCE) 
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CROSS 

» 

4 

J 

ALK 

►  SPEED  .  .  .  C.  W.  Hansell,  writing  in  the  Sep¬ 
tember  “RCA  Revi«w’’,  reminds  us  that  the  wideband 
relays  now  being  readied  for  television  may  be  used 
to  transmit  facsimile  at  unheard-of  speed.  He  says 
“it  is  probable  that  all  the  channeling  problems  of 
the  record  communications  services  will  be  solved  or 
bypassed  by  the  introduction  of  page-per-frame  fac¬ 
simile  message  handling  ...  In  television  it  is  nor¬ 
mal  practice  to  transmit  108,000  complete  images,  or 
pages,  per  hour.”  If  such  a  system  comes  to  pass, 
the  telegram  of  the  future  may  actually  cost  less 
when  sent  by  day,  when  the  coaxial  and  microwave 
relays  are  not  engaged  in  networking  television  and 
hence  may  be  devoted  to  “record  communications.” 
When  will  we  see  the  microfilm  recorder  which 
photographs,  in  a  thirtieth  of  a  second,  a  single  tele¬ 
vision  frame  filled  with  a  dozen  “day-rate”  tele¬ 
grams  ? 

►  MOT  ...  A  recent  visitor  has  suggested  a  delight¬ 
ful  phrase  for  the  activity  many  top-flight  engineers 
have  been  engaged  in,  for  better  or  worse,  in  the 
introduction  of  standards  and  frequencies  for  f-m 
and  television.  Upstairs,  downstairs,  black,  white, 
colored  facts,  fancies,  and  angles.  He  calls  it  “stra¬ 
tegic  engineering”.  Maybe  our  colleges  should  be 
teaching  it.  It  seems  to  pay. 

►  CITI-BAND  .  .  .  Interest  in  the  citizens  radio 
band,  460  to  470  megacycles,  has  been  revived  by 
the  recent  release  of  the  FCC  proposing  tentative 
rules  and  regulations  to  govern  the  new  service.  The 
Commission  proposes  to  divide  the  band  into  three 
parts:  460-462  me  for  fixed  stations  with  0.02  per¬ 
cent  frequency  tolerance;  462-468  me  for  all  classes 
of  stations,  including  those  with  0.2  frequency  per¬ 
cent  tolerance;  and  468-470  me  for  stations  with  0.02 
percent  tolerance.  This  is  a  thoroughly  constructive 
step,  and  one  which  may  save  the  band  from  the 


progressive  degeneration  which  has  been  predicted. 

No  one,  so  it  seems,  yet  knows  quite  how  to  build 
a  simple,  small  equipment  for  the  citizens  band  with 
high-frequency  stability.  Lacking  it,  the  band  seemed 
doomed  to  intolerable  interference  in  heavily  populated 
areas.  Hut  to  bar  inexpensive  equipment  from  the 
band  would  defeat  one  of  the  basic  purposes  for 
which  it  was  set  up,  widespread  public  use  in  serv¬ 
ices  not  otherwise  provided  for  in  the  allocation 
table.  The  Commissioners  are  wise  in  proposing  to 
allow  a  reasonably  slack  frequency  tolerance  in  the 
middle  of  the  band,  leaving  the  band  edges  for  those 
services  which  can  afford  crystal-controlled  equip¬ 
ment  and  need  its  more  reliable  performance. 

Incidentally,  the  Commission  is  guilty  of  a  master¬ 
piece  of  understatement  when  it  proposes  that  “the 
transifiitting  equipment  shall  be  inherently  incapable 
of  operating  at  a  power  input  of  more  than  50  watts” 
to  the  final  stage.  Very  true,  very  true!  In  fact  you 
can  make  it  15  watts, — and  try  and  get  it. 

►  BUSINESS  ...  In  this  issue,  (p.66)  Bill  Mac¬ 
Donald,  Managing  Editor  of  ELECTRONICS,  begins 
a  new  column,  “Business  Briefs”,  intended  to  bring 
to  our  engineering  readers  a  commentary  on  the  pro¬ 
duction  and  distribution  trends  on  which  their,  and 
our,  livelihood  depends.  There  was  a  time  when  engi¬ 
neers  were  not  supposed  to  be  interested  in  such 
matters.  That  was  for  “management”.  But  engineers 
are,  by  and  large,  part  of  management  today,  and 
even  the  brand-new  engineering  graduate  has  been 
trained  to  appreciate  that  engineering  effort  must 
be  placed  along  productive  channels,  if  it  is  to  be 
effective  in  adding  to  the  common  wealth.  The  new 
column,  like  the  rest  of  our  magazine,  is  intended  for 
technical  readers,  but  it  has,  we  think  you  will  agree, 
a  new  agreeable  flavor.  And  Mac  is  just  the  guy  to 
serve  it,  as  his  many  friends  in  industry  testify.  He 
welcomes  suggestions. 


A  statement  of  the  relative  merits  of  the  sequential  color  system  shown  by  CBS  and  the 
simultaneous  system  demonstrated  by  RCA,  from  the  standpoint  of  performance,  re¬ 
quired  standards,  and  needed  research 


Recent  interest  in  the  color 
versus  black-and-white  televi¬ 
sion  controversy  has  centered  on 
two  color  systems,  demonstrated  by 
the  Columbia  Broadcasting  System 
and  the  RCA  Laboratories. 

The  CBS  system,  which  has  been 
dei^ribed  at  length  in  these  pages^’  * 
is  a  typical  example  of  the  sequen¬ 
tial  method,  in  which  images  in  the 
three  primary  colors  are  sent  one 
after  the  other  on  a  single  r-f  car¬ 
rier.  The  RCA  system,  demon¬ 
strated  recently  and  briefly  de¬ 
scribed  in  these  pages  last  month*, 
is  typical  of  the  simultaneous 
method,  in  which  images  in  the 
three  colors  are  sent  at  the  same 
time  on  three  carriers.  The  sequen¬ 
tial  and  simultaneous  systems  have 
been  referred  to  as  mechanical  and 
electronic  systems  respectively  but 
these  are  not^  signiflcant  designa¬ 
tions,  since  either  system  can  be 
operated  electronically. 


In  preparation  for  the  FCC  hear¬ 
ing  on  color  television  which  began 
December  9th  last,  the  comparative 
merits  of  the  two  systems  were 
studied  by  television  specialists  on 
committees  of  the  Radio  Technical 
Planning  Board  and  the  Radio 
Manufacturers  Association.  This 
article  is  a  summary  of  their  find¬ 
ings  as  revealed  at  the  hearing, 
plus  observations  on  economic  fac¬ 
tors  not  considered  by  the  RTPB 
and  RMA  groups. 


In  place  of  the  rotating  disc, 
however,  it  is  possible  to  employ  a 
beam-splitting  arrangement  like 
the  simultaneous-type  camera,  and 
three  photosensitive  elements  (pho¬ 
totubes  or  mosaics),  each  with  a 
different  fixed  color  filter.  The 
photosensitive  elements  may  be 
keyed  on  and  off  in  sequence,  pro¬ 
ducing  a  sequential  signal  without 
using  moving  parts. 

In  the  receiver  the  signal  actu¬ 
ates  a  single  cathode-ray  tube  in 
front  of  which  rotates  a  syn¬ 
chronous  color  disc  like  the  one 
used  at  the  transmitter.  Here, 
also,  the  mechanical  disc  may  be 
replaced  by  three  cathode-ray 
tubes,  each  fitted  with  a  fixed  color 
filter  and  arranged  so  that  the 
images  may  be  projected  in  regis¬ 
ter  on  a  viewing  screen.  The  c-r 
tubes  are  in  this  case  keyed  on 
and  off  in  synchronism  with  the 
studio  camera. 

The  simultaneous  system  uses 
three  carriers  or  sub-carriers.  The 
image  is  perceived  either  by  three 
cameras,  each  with  a  different  fixed 
color  filter  and  each  feeding  a 
separate  channel,  or  by  a  beam¬ 
splitting  device.  Fig.  1,  which 
breaks  the  image  into  three  colored 
images,  each  feeding  a  separate 
phototube  or  mosaic.  In  either 
event,  three  signals  are  generated 
simultaneously  and  are  fed  through 
three  separate  channels. 

At  the  receiver,  the  three  car¬ 
riers  are  received  separately  either 
by  employing  three  separate  i-f 
amplifiers  or  by  employing  wave 
filters  before  the  second  detector. 


The  Two  Systems 

The  sequential  system  is  charac¬ 
terized  by  the  fact  that  the  trans¬ 
mitted  signal  contains  information 
about  one  primary  color  only  at  any 
instant  of  time,  the  three  primaries 
following  one  after  another. 

The  cameras  thus  far  used  with 
this  system  are  of  the  mechanical 
type,  i.  e.,  they  use  a  rotating  disc 
carrying  three  color  filters. 


[COLOR -SELECTIVE 
MIRRORS 
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COLOR 
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FIG.  I — Beam-splitting  camera  arrangement  for  deriving  three  colored  images  irom 
color-selective  mirrors.  This  type  of  camera  can  be  used  in  either  system,  with  the 
mosaics  keyed  sequentially  or  operating  simultaneously 
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Correipondinq  elements 
oi  sequential  and  simul¬ 
taneous  projection  re- 
ceiTers.  The  CBS  re- 
ceiTer  (below)  uses  a 
single  fiTe-inch  cathode- 
ray  tube  with  a  cup- 
shaped  filter  disc.  The 
RCA  receirer  (at  left) 
employs  three  separate 
three-inch  tubes  with 
projection  lenses 


and  applied  to  three  picture  tubes, 
each  htted  with  a  different  fixed 
filter  (or  using  colored  phosphors). 
The  three  images  are  projected  on 
a  screen  in  register. 

The  simultaneous  system  is  thus 
an  electronic  one,  with  elements 
like  the  elements  of  an  electronic 
sequential  system.  The  difference 
is  that  in  the  simultaneous  system 
all  channels  are  working  at  once, 
rather  than  one  after  the  other  as 
in  the  sequential  system.  * 

Different  as  the  two  systems  may 
appear  at  first  glance,  they  have 
many  performance  characteristics 
in  common.  Both  are,  capable  of 
rendering  the  same  fidelity  of  color 
transmission,  provided  that  the 
same  color  filters  are  used  in  each 
system.  Both  employ  approximate¬ 
ly  the  same  bandwidth  in  the  ether 
spectrum,  since  the  sequential  sys¬ 
tem  requires  one  wide-band  carrier 
while  the  simultaneous  system  uses 
three  narrower  carriers.  Both  are 
capable  of  about  the  same  broad¬ 
cast  coverage,  when  operated  in  the 
same  region  of  the  spectrum,  since 
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the  separate  transiftitters  of  the 
simultaneous  system  can  develop 
higher  power  over  the  narrower 
band,  but  only  at  the  expense  of 
using  three  sets  of  tubes.  If  all 
these  tubes  are  combined  (in  a  ring 
oscillator  circuit,  for  example)  in 
the  single  transmitter  of  the  se¬ 
quential  system,  they  can  provide 
approximately  the  same  power  over 
the  wider  band  and  hence  produce 
equal  signal  strength  contours. 

Piefare-Rapetifioa  Effects 

The 'two  systems  display  differ¬ 
ent  requirements  when  the  picture- 
repetition  effects  (flicker,  color 
break-up  and  color  fringing)  are 
considered.  In  the  black-and-white 
system,  the  flicker  problem  has 
b^n  attacked  by  setting  the  picture 
repetition  rate  at  60  fields  per 
second  (30  frames  per  second).  At 
highlight  picture  brightnesses  up 
to  about  50  foot-lamberts  (some¬ 
what  brighter  than  the  brightest 
television  pictures  now  available  to 
the  public,  and  high  enough  to  be 
received  satisfactorily  in  a  well- 


lighted  room),  and  when  phosphors 
having  normal  decay  rates  are  used, 
there  is  no  apparent  flicker  in  Uie 
black-and-white  system.  At  higher 
brightnesses  there  is  some  doubt 
that  the  60-field  rate  is  high 
enough  but  it  suffices  for  foresee¬ 
able  needs. 

In  the  sequential  color  system 
the  flicker  problem  is  complicated 
by  the  fact  that  the  light  from  one 
color  field  must  disappear  substan¬ 
tially  completely  before  the  next 
color  filter  is  positioned  before  the 
c-r  tube.  This  implies  the  use  of 
rapid-decay  phosphors,  and  conse* 
quently  higher  apparent  flicker.  To 
overcome  this  tendency,  and  to  as¬ 
sure  smooth  blending  of  the  colored 
images,  it  is  necessary  to  transmit 
the  sequential  color  images  at  a 
field  rate  well  above  100  per  second. 
The  rate  originally  adopted  by  CBS 
was  120  fields  per  second  (40  color 
frames  per  second),  and  this  was 
later  raised  to  144  fields  per  second 
(48  color  frames).  Since  flicker  is 
observable  at  brightnesses  of  50 
foot-lamberts  or  better  with  this 


rate,  some  engineers  have  urged 
that  the  field  rate  be  set  at  180  per 
second  (60  color  frames  per 
second).  In  the  latter  case,  the 
pictures  are  sent  at  three  times 
the  rate  of  the  black-and-white 
images,  and  the  bandwidth  required 
is  three  times  as  great.  It  thus 
appears  that  the  sequential  system 
requires  a  video  bandwidth  of  from 
2.4  to  8  times  the  black-and-white 
figure,  for  a  picture  of  equal  objec¬ 
tive  resolution. 

In  the  simultaneous  system,  the 
blending  of  colors  is  inherent  and 
a  much  lower  field  rate  is  permissi¬ 
ble.  In  addition,  phosphors  of 
slower  decay  may  be  used,  and  this 


Conatponding  iilm  pick-up  daricM  in  tha 
two  ayatams.  Balow:  CBS  unit  uaaa  film 
prolactor  (laft).  a  color  whaal  (cantor),  and 
a  aingla  imago  diaaactor  pick-up  tuba 
(right).  Tho  RCA  oquipmont  (on  right- 
hand  paga)  uaaa  a  flying-apot  roatar  acan- 
nor  locotad  halow  a  houaing  containing  a 
boom  apUttar  with  thraa  multipliar  photo- 
tubaa 
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further  lowers  the  flicker  threshold 
frequency.  Thus  a  rate  of  60  fields 
per  second  in  a  simultaneous  sys¬ 
tem  may  be  expected  to  give  flicker 
performance  superior  to  that  of  a 
sequential  system  operating  at  180 
fields  per  second.  Each  of  the  three 
channels  in  the  simultaneous  sys¬ 
tem  would  have  a  bandwidth,  for 
pictures  of  equal  resolution,  of 
60/180  or  one  third  that  required 
for  the  sequential  system.  Under 
these  conditions  the  total  band¬ 
width  required  is  the  same  in  the 
two  systems  except  that  space  for 
guard  bands,  to  separate  the  three 
channels,  must  be  allowed  in  the 
simultaneous  system. 

The  other  picture-repetition  ef¬ 
fects,  color  break-up  and  color 
fringing,  are  basically  different  in 
the  two  systems.  In  the  simul¬ 
taneous  system,  since  all  colors  are 
presented  continuously,  there  can 
be  no  color  break-up  as  such,  where¬ 
as  in  the  sequential  system  break¬ 
up  may  be  caused  by  movement  of 
the  eyes.  Many  observers,  perhaps 
the  majority,  have  a  tolerance  for 
color  break-up,  and  it  is  not  con¬ 
sidered  a  serious  factor  in  any 


event.  Color  fringing,  the  third 
effect,  is  also  not  present  in  the 
simultaneous  system,  but  a  similar 
effect  due  to  lack  of  register  among 
the  three  simultaneous  images  may 
be  present.  Hence  the  two  systems 
are  comparable  in  this  resi)ect. 

Other  Pertinent  Factors 

A  factor  of  great  importance  in 
the  progress  of  the  art  is  the  com¬ 
patibility  of  color  television 
standards  with  the  present  black- 
and-white  standards.  Here  the 
simultaneous  system  has  a  clear  ad¬ 
vantage.  If  a  simultaneous  field 
rate  of  60  per  second  is  chosen, 
the  scanning  standards  of  each  of 
the  images  are  identical  to  the 
black-and-white  standards.  Hence 
the  color  images  may  be  received, 
in  black-and-white,  on  a  standard 
present-day  black-and-white  re¬ 
ceiver.  This  is  done  by  using  a 
frequency  converter  to  tune  the 
black-and-white  receiver  to  the 
green  image  of  the  color  transmis¬ 
sion,  which  contains  nearly  all  of 
the  black-and-white  values  of  the 
colored  image. 

The  sequential  system  cannot  be 


so- accommodated  to  existing  black- 
and-white  standards.  Thus  the 
choice  of  the  simultaneous  system 
with  a  field  rate  of  60  per  second 
would  greatly  ease  the  transition 
from  black-and-white  to  color.  Such 
a  choice  implies  a  total  bandwidth 
(three  simultaneous  channels) 
somewhat  greater  than  that  for  a 
180-field  sequential  system,  and 
considerably  wider  than  that  for  a 
144-field  sequential  system,  which 
many  consider  to  be  adequate. 
Here,  again,  a  situation  exists 
which  tends  to  place  the  two  on  a 
par.  In  the  sequential  system, 
since  a  single  channel  of  fixed 
width  is  employed  and  all  colors  are 
scanned  at  the  same  rate,  the  same 
amount  of  information  is  neces¬ 
sarily  sent  in  all  three  colors. 
Stated  differently,  if  the  bandwidth 
is  chosen  to  accommodate  the  most 
detailed  color,  green,  the  same 
bandwidth  is  reserved  to  transmit 
detail  in  red  and  blue,  despite  the 
fact  that  less  detail  may  suffice  in 
the  latter  colors. 

In  the  simultaneous  system,  on 
the  other  hand,  the  bandwidth  pro¬ 
vided  for  each  color  may  be  tailored 
to  meet  the  detail  requirements  of 
the  eye.  It  is  well  known  in  physi¬ 
ological  optics  that,  except  at  very 
high  brightness  levels,  the  eye  can 
resolve  much  less  detail  in  a  blue 
image  than  it  can  in  an  identical 
green  image.  Thus  it  is  possible  to 
restrict  the  bandwidth  for  the  blue 
channel,  and  possibly  to  a  lesser 
extent  for  the  red  channel  also, 
without  apparent  loss  of  resolution 
in  the  color  picture*.  If  this  is 
done,  and  the  extent  to  which  it  is 
possible  has  not  yet  been  accurately 
determined,  the  bandwidth  re¬ 
quired  for  a  simultaneous  system 
will  not  exceed,  and  it  may  even 
be  less  than  that  required  for  a 
sequential  system  of  the  same  reso¬ 
lution,  even  when  guard-band  space 
is  provided  in  the  former  system. 

Still  another  question  is  the 
relative  ability  of  the  two  systems 
to  pick  up  images  directly  from  live 
subjects.  Both  systems  have  been 
demonstrated  on  film  and  lantern 


*  A  almllar  Baying  of  bandwidth  might 
be  achieved  in  the  sequential  system  by 
scanning  the  colors  at  different  rates,  that 
is,  aUowlng  more  scanning  time  for  green 
than  for  red  and  blue,  but  this  would  in¬ 
troduce  serious  apparatus  problems,  par¬ 
ticularly  with  respect  to  interlacing,  color 
balance  and  flicker,  and  probably  is  not  a 
practical  procedure. 
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slides ;  no  demonstrations  have  been 
griven  of  live  pickup  with  the 
simultaneous  system.  Until  the 
latter  event  occurs,  conclusions 
must  be  tentative.  But  it  can  be 
assumed  that  the  register  problem 
in  the  live-pickup  simultaneous 
camera  can  be  solved  as  satisfac¬ 
torily  as  it  has  been  in  the  receiver, 
and  it  may  be  expected  that  the 
performance  will  be  about  the  same 
as  regards  color  rendition. 

In  the  sequential  camera  the 
mosaic  must  be  completely  dis¬ 
charged  at  the  end  of  each  color 
field  (every  l/180th  second  in  a 
180-field  system)  to  avoid  carry¬ 
over  of  one  color  into  the  next. 
Since  the  storage  time  is  thus  re¬ 
duced,  the  sensitivity  of  the  sequen¬ 
tial  camera  must  inevitably  be 
lower  than  that  of  the  simultaneous 
camera,  in  which  mosaic  storage 
can  be  employed  through  the  whole 
frame  interval  (comparably,  l/30th 
second).  Whether  or  not  this  will 
prove  an  important  advantage  to 
the  simultaneous  system  depends, 
of  course,  on  the  extent  to  which 
the  producer  uses  dimly-lit  scenes. 
The  sensitivity  of  the  image  orthi- 
con,  which  may  be  used  in  either 
color  system,  is  so  great  that  it  may 
provide  sufficient  margin  to  give 


adequate  performance  in  the  se¬ 
quential  system  with  any  light  level 
likely  to  be. encountered.  Finally,  it 
must  be  remembered  that  a  sequen¬ 
tial  signal  can  be  produced  from 
a  simultaneous  camera  by  keying 
the  color  images  in  and  out  in  se¬ 
quence,  so  the  most  sensitive 
camera  available  could  be  applied 
to  either  system. 

The  above  comparisons  are  based 
on  equal  resolution,  that  is,  the 
same  number  of  resolvable  picture 
elements  in  the  color  picture  pro¬ 
duced  by  the  two  systems.  To  make 
full  use  of  this  resolving  power, 
scanning  aberrations  must  be  min-* 
imized.  Such  aberrations  are  pres¬ 
ent  in  both  systems. 

In  the  sequential  system,  the 
frame  rate  is  not  synchronous  with 
the  60-cps  power  source,  even  when 
operated  at  180  sequential  fields. 
Thus  hum  and  spurious  fields 
within  the  receiver  must  be  care¬ 
fully  removed  by  filtering  and 
shielding.  In  the  60-field  simul¬ 
taneous  system,  on  the  other  hand, 
each  image  is  synchronous  with 
the  60-cps  power  source  but  the 
three  images  must  be  accurately 
registered  one  over  the  other  on 
the  camera  and  on  the  receiver 
viewing  screen.  It  appears  that 


with  the  use  of  a  single  deflection 
generator  for  all  three  c-r  tubes, 
and  with  proper  care  in  aligning 
and  centering  the  beams,  this  effect 
may  be  minimized. 

At  the  receiver  one  fundamental 
difference,  and  several  less  funda¬ 
mental  ones,  appear  in  respect  to 
the  picture  brightness.  The  funda¬ 
mental  difference  arises  In  the  fact 
that  in  the  s>iquential  system  there 
is  only  one  light  source  on  at  a 
time,  operating  sequentially  with 
different  colors,  whereas  in  the 
simultaneous  system  three  light 
sources  operate  at  once.  Hence,  all 
other  factors  being  equal,  the 
simultaneous  picture  will  be  ap¬ 
proximately  three  times  as  bright. 

R*c«iv«d  Pietar*  BrightMss 

In  the  equipment  thus  far  shown 
the  brightness  advantage  of  the 
siipultaneous  receiver  is  even  more 
pronounced,  because  colored  phos¬ 
phors  are  used.  Such  phosphors 
generate  far  more  light,  from  a 
given  accelerating  voltage,  than 
does  a  white  phosphor  in  conjunc¬ 
tion  with  a  colored  filter  (the  aver¬ 
age  light  loss  of  the  colored  filters 
is  from  86  to  90  per  cent).  How¬ 
ever,  this  is  not  a  fundamental  dif¬ 
ference,  since  a  sequential  signal 
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can  be  used  with  three  projection 
tubes  with  color  phosphors,  the 
tubes  operating  in  sequence,  in 
which  case  the  sequential  system 
would  produce  a  picture  one  third 
as  bright  as  the  simultaneous  sys¬ 
tem.  But  the  three-to-one  advan¬ 
tage  of  the  simultaneous  system 
cannot,  it  seems,  be  entirely  elim¬ 
inated. 

The  colored  phosphors  thus  far 
used  do  not  have  equal  luminosities 
so  to  secure  proper  saturation  in 
the  reds,  a  vernier  optical  red  filter 
is  added  to  the  red  tube.  This 
limits  the  overall  brightness  of  the 
system  to  about  60  percent  of  the 
value  possible  if  an  equally-lumi- 
nous  red  phosphor  were  available. 

Color  Roaditioa 

Color  filters  of  the  best  type 
(those  covering  the  widest  area  on 
the  color  triangle)  can  be  employed 
at  transmitter  and  receiver  in 
either  system,  so  both  systems  have 
the  same  ability  to  render  color 
values.  But  if  color  phosphors  are 
used  in  the  simultaneous  receiver 
this  will  be  true  only  if  the  colors 
of  the  phosphors  cover  an  equally 
large  and  similarly  placed  area  on 
the  color  triangle.  Furthermore, 
the  color  produced  by  the  phosphor 
must  be  constant  irresi)ective  of 
changes  in  brightness. 

Whether  or  not  these  require¬ 
ments  can  be  met  is  not  known, 
but  in  view  of  the  vastly  improved 
control  over  phosphor  characteris¬ 
tics,  only  minor  losses  are  to  be 
expected.  Development  of  phos¬ 
phors  will  assure  bright  projected 
pictures  in  the  simultaneous  sys¬ 
tem. 

A  proposal,  affecting  color  rendi¬ 
tion,  has  been  made  to  reduce  the 
flicker  in  the  sequential  system. 
This  is  to  use  primary  color  filters 
covering  a  somewhat  smaller  area 
on  the  color  triangle  (so-called  low- 
flicker  primaries)  and  having 
more  nearly  equal  luminosities. 
These  have  been  demonstrated  by 
CBS  and  do  reduce  the  flicker  on  a 
144-frame  sequential  system  so 
that  it  can  be  used  at  a  brightness 
sufficiently  high  for  viewing  com¬ 
fortably  in  a  lighted  room.  The 
low-flicker  primaries  do  not  cover 
as  large  a  region  of  the  color  tri¬ 
angle  in  the  purple  region  and 
hence  the  rendering  of  purple  tones 


is  not  as  exact  as  with  the  standard 
primaries. 

One  final  aspect  of  overall  system 
performance,  relating  to  r-f  propa¬ 
gation,  is  the  relative  effect  of 
multipath  transmission.  In  the 
sequential  system  there  is  but  one 
carrier,  and  the  multipath  effects 
(which  are  usually  frequency-se¬ 
lective  in  appearance)  are  pres¬ 
ent,  in  effect,  only  once.  In  the 
simultaneous  system  there  are 
three  carriers,  and  the  effect  of 
multipath  will  be  present  in  three 
separate  groups  of  sidebands.  Also 
since  multipath  effects  depend  on 
instantaneous  carrier  phase,  and 
since  the  relative  phases  of  the 
three  carriers  may  vary,  the  multi- 
path  effects  will  presumably  be  dif¬ 
ferent  on  the  three  colors.  It  might 
thus  appear  that  multipath  effects 
would  be  more  serious  in  a  simul¬ 
taneous  system.  But  such  a  conten¬ 
tion  is  hard  to  support  -without  a 
thorough  field  test. 

EqMipmeiit  Comparisem 

In  general,  the  sequential  sys¬ 
tem  may  employ  simpler  equipment 
than  the  simultaneous,  since  only 
one  camera,  transmitter,  antenna, 
receiver,  i-f  amplifier,  and  picture 
tube  are  required.  The  circuits 
throughout  are  wideband  and 
therefore  somewhat  more  expensive 
than  a  single  narrowband  circuit, 
but  there  is  only  one  of  them. 

In  the  simultaneous  system,  three 
photosensitive  surfaces  or  tubes 
are  required  in  the  camera  each 
with  associated  amplification  and 
modulation  channels.  A  single 
wide-band  transmitter  modulated 
jointly  by  the  carriers  or  sub-car¬ 
riers  might  be  used.  At  the  re¬ 
ceiver  a  joint  r-f  amplifier  stage 
may  be  used  and  even  a  joint  i-f 
amplifier.  But  somewhere  in  the 
receiver,  either  in  the  i-f  amplifier 
or  before  the  second  detector,  sepa¬ 
ration  of  the  three  carriers  must  be 
performed.  Thereafter  individual 
video  amplifiers  and  separate  pic¬ 
ture  tubes  for  each  color  are  re¬ 
quired.  Also,  for  the  present  at 
least,  there  seems  to  be  no  ade¬ 
quate  method  of  combining  the 
simultaneous  colors  except  by  the 
projection  method,  which  implies  an 
optical  system  of  high  aperture  and 
also  requires  high  intrinsic  brilli¬ 
ance  on  the  c-r  tubes. 


•All  these  factors  point  to  an  ex¬ 
pensive  receiver,  compared  to  a 
direct-viewed  sequential  receiver. 
However,  the  price  of  a  sequential 
projection  receiver  might  not  be 
substantially  less  than  the  simul¬ 
taneous  projection  receiver,  since 
the  same  projection  system  is  re¬ 
quired,  and  the  synchronous  motor- 
driven  filter  disk  involves  costs  not 
present  in  the  simultaneous  equip¬ 
ment.  Beyond  these  generaliza¬ 
tions  it  is  difficult  to  predict  costs 
failing  actual  production  of  com¬ 
parable  receivers. 

SammQry 

From  the  foregoing  analysis  it 
appears  that  the  sequential  and 
simultaneous  systems  offer  equal 
promise  in  many  respects.  Both  can 
provide  good  color  rendition,  free 
of  flicker  provided  suitable  stand¬ 
ards  are  chosen.  Such  standards 
would  entail  about  the  same  band¬ 
width  requirements  and  coverage 
potentialities.  But  the  inescapable 
conclusion  is  that  one  system  or 
the  other  must  be  adopted;  they 
are  not  compatible  with  one  an¬ 
other.  . 

If  a  color  television  system  is  to 
be  a  logical  extension  of  the  black- 
and-white  system,  the  simultaneous 
system  offers  greater  promise,  but 
the  equipment  costs  of  this  system 
will  probably  be  greater,  at  least 
initially.  Perhaps  the  greatest  ob¬ 
jection  to  the  simultaneous  system, 
so  far  as  can  be  seen  at  present,  is 
the  difficulty  of  producing  an  inex¬ 
pensive  direct-viewing  receiver. 

Finally  there  are  many  questions 
which  can  best  be  answered  by 
tests,  in  the  laboratory  and  in  the 
field,  concerning  propagation  ef¬ 
fects  and  the  ultimate  requirements 
of  picture  brightness  and  associated 
flicker  phenomena.  Coincidentally 
with  this  test  program,  new  devices 
can  be  expected  to  appear  which 
will  show  clearly  the  relative  trend 
of  costs,  which  in  the  long  run  must 
determine  the  extent  to  which 
either  system  can  be  used  by  the 
public. 
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FIG.  1 — Th*  fined  cratonno  dcnlgn  for  75-mc  morkor-boacon  torrice 


proved  to  be  a  good  means  of  ob¬ 
taining  the  required  impedance 
match. 

Figure  3  shows  two  means  of 
connecting  a  50-ohm  transmission 
liae  to  the  antenna  element.  The 
upper  diagram  shows  a  conven¬ 
tional  shunt-feed  system  at  the  base 
of  the  antenna,  while  the  lower  dia¬ 
gram  shows  a  shunt-feed  connec¬ 
tion  at  the  top  end  of  the  antenna. 
Both  systems  give  the  same  electri¬ 
cal  results. 

Ground  tests  indicated  that  the 
experimental  antenna  had  0.9  times 
the  voltage  gain  of  a  half-wave 
dipole.  In  flight  this  experimental 
antenna  performed  so  well  that  it 
appeared  desirable  to  attempt  a 
smaller  design,  and  the  antenna  pic¬ 
tured  here  was  finally  obtained.  A 
comparison  of  the  experimental 
and  final-design  antennas  is  inter¬ 
esting. 

The  volume  of  the  final  model 
cavity  is  approximately  one-fifth 
that  of  the  experimental  model. 
The  bandwidth  to  the  three-to-one 
standing-wave  ratio  points  for  the 


The  element  is  tuned  to  quarter- 
wave  resonance  by  an  adjustable 
top-loading  capacitor. 

Flights  in  Douglas  and  Beech- 
craft  airplanes  over  the  Evansville, 
Terre  Haute  and  Indianapolis  Z- 
markers  show  the  antenna  will  de¬ 
liver  3  to  6  millivolts  to  a  50-ohm 
load  at  1,000  feet.  Maximums  of  55 
to  85  millivolts  were  observed  across 
a  50-ohm  load  at  1,000  feet  over  the 
four  Indianapolis  fan  markers. 

Devalepmeiit 

At  the  start  of  the  cavity  antenna 
development  it  was  arbitrarily  de¬ 
cided  to  try  a  cavity  18  inches  long, 
12  inches  wide  and  4  inches  deep.  A 
number  of  different  element  sizes 
and  shapes  were  tested  in  this  cav¬ 
ity,  until  finally  a  first  experimental 
design  was  adopted,  having  an  an¬ 
tenna  element  16  inches  long  and  4 
inches,  wide. 

It  was  desired  to  use  the  antenna 
with  a  50-ohm  concentric  transmis¬ 
sion  line  to  the  receiver,  but  it  was 
found  that  the  series  impedance  at 
the  base  of  the  antenna  element  was 
in  the  order  of  only  a  few  ohms. 
Shunt  connection  to  the  element 


HG.  2— The  antenna  recessed  Into  the 
belly  of  a  DC3  airplane 


High-speed  modern  aircraft 
have  complicated  the  prob¬ 
lem  of  airborne  receiving  antenna 
design.  Conventional  open-wire 
aerials  are  not  acceptable  on  many 
new  airplanes  because  of  their  wind 
resistance  and  the  accompanying 
precipitation  static.  The  purpose 
of  this  article  is  to  describe  a  re¬ 
cessed  or  “cavity”  antenna  designed 
to  minimize  wind  resistance,  and  to 
give  an  account  of  some  of  the 
problems  involved  in  its  develop¬ 
ment. 

The  antenna.  Fig.  1,  has  very  lit¬ 
tle  drag,  as  can  be  seen  from  the 
photograph  of  Fig.  2,  showing  it 
on  the  belly  of  a  DC-3  airplane.  It 
was  designed  primarily  for  75- 
megacycle  marker  beacon  reception, 
and  is  intended  as  a  replacement  for 
conventional  open-wire  half-wave 
antennas  six  feet  long. 

The  antenna  is  essentially  a 
shunt-excited  element  9  inches  long, 
mounted  in  a  cavity  3  inches  deep 
by  6  inches  wide  and  10  inches  long. 
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FIG.  4 — SslectlTity  currai  for  on'  early 
experimental  model  cority  antenna  uxing 
a  fairly  large*  element  and  the  final  com¬ 
pact  design 


FIG.  3 — Two  methods  of  matching  a  50- 
ohm  concentric  line  to  a  quarter-wore- 
length  receiving  element.  The  system 
shown  in  the  lower  diagram  was  xued 
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A  small,  shunt-excitcd  receiving  element  placed  within  a  cavity  which  can  be  recessed 
into  the  body  of  an  airplane  performs  well  in  75-mc  marker-beacon  service  and  nearly 
eliminates  wind  resistance  and  precipitation  static 


latter  was  approximately  440  kilo¬ 
cycles  compared  with  120  kilocycles 
for  the  former.  Selectivity  curves 
for  the  two  antennas  are  given  in 
Fig.  4.  The  sensitivity  of  the 
larger  experimental  model  was 
twice  that  of  the  final  design. 

The  selectivity  curves  indicate 
that  the  Q  of  both  antennas  is  very 
high.  It  is  so  high  for  the  final 
antenna  that  air  dielectric  capaci¬ 
tors  have  to  be  used  for  top  load¬ 
ing,  and  a  capacitor  of  this  type 
with  a  large  minimum  capacitance 
is  employed  to  obtain  bandspread 
tuning. 

Performance 

Temperature  tests  on  early  mod¬ 
els  showed  a  frequency  drift  of  ap¬ 


proximately  200  kilocycles  over  a 
temperature  cycle  of  100  F  to  —60 
F.  This  drift  was  reduced  to  within 
25  kilocycles  at  75  megacycles  by 
installation  of  a  bimetallic  rotor 
plate  on  the  top-loading  capacitor. 

Some  care  in  the  mechanical  de¬ 
sign  of  the  cavity  antenna  is  neces¬ 
sary  to  obtain  sufficient  stability. 
However,  shake  table,  temperature, 
and  humidity  tests  indicate  that 
adequate  stability  can  be  obtained 
without  great  difficulty. 

The  bent  antenna  element  in  the 
cavity  was  adopted  to  reduce  the 
effects  of  rain  and  other  extraneous 
material  on  the  face  of  the  antenna. 
With  the  design  showm,  the  output 
is  reduced  approximately  one  db 
when  a  heavy  stream  of  water  from 


a  garden  hose  is  directed  across  the 
face. 

Figures  5  and  6  show  the  direc¬ 
tional  characteristics  of  the  final 
antenna,  mounted  on  a  4  by  8-foot 
ground  plane. 

Theoretical  considerations  indi¬ 
cate  that  cavity  antennas  act  some¬ 
what  like  corner-reflectors  in  which 
some  of  the  gain  is  cancelled  by  re¬ 
sistance  losses.  It  appears  that  the 
main  price  paid  for  a  reduction  in 
physical  size  is  a  decrease  in  band¬ 
width.  A  general  conclusion  to  be 
drawn  probably  is  that  where  large 
bandwidths  are  not  required,  the 
physical  size  of  most  conventional 
antenna  systems  can  be  reduced 
appreciably — to  the  point  where 
resistance  losses  become  important. 
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FIG.  5 — Pattarn  of  the  final  design  at  right  angles  to  the  line 
of  flight.  The  line  of  flight  is  into  the  printed  page 


FIG.  6 — Pattern  of  the  final  design  in  the  line  of  flight.  Line 
of  flight  indicated  by  the  arrow 


Increased  commercial  utilization  of  radioactive  isotopes  has  brought  corresponding 
improvements  in  G-M  tubes  and  counting  equipment.  The  circuit  of  a  new  combination 
mechanical  counter  and  electronic  integrator  is  given 


ficiency.  A  tube  of  such  a  type  will 
be  able  to  respond  to  events  separ¬ 
ated  by  lO"*  second,  and  should  have 
an  eA^.emely  long  life  as  the  pas¬ 
sage  of  current  has  been  reduced 
to  the  minimum  for  each  operation. 

,  Circuit  Analysis 

The  circuit  of  a  typical  modem 
Geiger-Muller  counting  apparatus 
is  given  in  Fig.  1.  The  high-voltage 
supply  for  the  G-M  tube  is  obtained 
by  a  voltage-doubling  arrangement 
using  two  dry-disc  rectifiers  and  a 
smoothing  circuit,  with  a  rheostat 
in  series  with  the  primary  winding 
of  the  power  transformer  for  volt¬ 
age  control.  The  bleeder  consists 
of  a  suitable  meter  3f,  in  series  with 
a  6-megohm  resistor.  Since  operat¬ 
ing  conditions  vary  from  tube  to 
tube,  this  voltmeter  is  a  precaution 
against  damaging  the  tube  by  ap¬ 
plication  of  too  much  voltage.  The 
negative  high-voltage  supply  also 
uses  a  metal  rectifier,  and  the  posi¬ 
tive  supply  uses  a  type  80  tube  in  a 
conventional  full-wave  circuit. 

Extinction  tube  Vi  i^  in  a  normal 
Neher-Harper  circuit.  For  opti¬ 
mum  operation,  the  'bias  of  Vi  is 
adjusted  by  means  of  P„  so  that 
the  tube  is  just  cut  off.  In  this  con¬ 
dition  a  slight  increase  of  voltage 
of  the  cathode  of  the  G-M  tube,  due 
to  an  ionizing  particle  entering  the 
tube,  causes  current  to  flow  in 
thus  causing  the  voltage  across  the 
tube  to  fall  considerably  (due  to  the 
large  anode  load  P,).  The  effect  is 
cumulative  and  the  extinction  of 


the  G-M  tube  is  hastened.  While 
many  tubes  are  of  the  self-extinc¬ 
tion  type,  some  are  designed  for 
use  with  extinction  circuits.  Even 
with  self-extinction  tubes,  an  ex¬ 
tinction  circuit  is  often  advan¬ 
tageous. 

The  negative  pulses  from  the 
G-M  tube  are  taken  from  the  anode 
of  Vi  and  sent  through  C,  and  a 
grid  resistor  R^  to  the  grid  of  F,. 
Thus,  in  the  absence  of  a  pulse,  the 
grid  of  Va  is  held  at  cathode  poten¬ 
tial  by  R»  and  R,.  The  arrival  of  a 
pulse  at  the  grid  cuts  off  the  cur¬ 
rent  in  F„  resulting  in  a  p'ositive 
pulse  at  the  anode  of  Vt. 

Cutoff  bias  for  F,  is  only  about 
minus  2  volts,  and  consequently  all 
negative  pulses  of  amplitude  greater 
than  2  volts  give  the  same  output 
from  the  anode.  Since  the  pulse 
amplitude  from  a  G-M  tube  (espe¬ 
cially  when  used  with  an  extinction 
circuit)  is  almost  invariably  consid¬ 
erably  greater  than  2  volts,  this  ar¬ 
rangement  results  in  a  satisfactory 
amplifier  limiter. 

Tube  F,  serves  different  pur¬ 
poses,  depending  on  the  position  of 
SAvitch  Si.  The  central  position  of 
Si  disconnects  this  tube  entirely, 
blocking  the  circuit.  In  both  of  the 
other  positions  of  Si,  transformer 
Tx  is  in  the  circuit.  This  trans¬ 
former  feeds  a  phone  jack  to  pro¬ 
vide  an  audible  indication  of  count¬ 
ing,  useful  in  determining  thres¬ 
hold  voltages  and  in  ensuring  that 
no  considerable  number  of  counts 
are  missed  by  the  multivibrator  cir¬ 


cuit  due  to  too  high  a  rate  of  count. 

When  Si  is  over  to  the  left,  F,  acts 
as  a  straightforward  amplifier 
with  the  grid  biased  by  means  of 
Pa  and  Pm  and  with  an  anode  load 
Pu.  Negative  pulses  are  then  fed 
through  C,  to  the  grid  of  F*  to  trig¬ 
ger  off  the  multivibrator  circuit 
formed  by  F«  and  F^ 

In  the  absence  of  pulses,  F.  passes 
a  predetermined  current.  Power 
tube  Fg  is  biased  beyond  cutoff  by 
the  resistance  chain  R„,  Pa,  and  P„ 
and  thus  no  current  flows  through 
this  tube. 

When  a  negative  pulse  arrives  at 
the  grid  of  F«,  this  causes  less  cur¬ 
rent  to  flow  in  Fg  and  hence  the 
anode  voltage  rises.  This  rise  of 
voltage  is  fed  through  C,  and  P,t  to 
the  grid  of  F».  Thus  current  com¬ 
mences  to  flow  in  Fg,  and  the  drop 
of  voltage  at  the  anode  is  fed  back 
through  Cl  and  P,,  to  the  grid  of  F*, 
causing  still  less  current  to  flow  in 
this  tube  and  increasing  the  volt¬ 
age  charge  on  the  anode  of  F*  and 
the  grid  of  Fg.  The  whole  process 
is  cumulative  and  ceases  when  F« 
is  cut  off.  The  current  through  F, 
must  be  sufficient  in  amplitude  and 
duration  to  operate  the  electromag¬ 
netic  counter  used. 

The  duration  of  the  current  in  F, 
is  largely  determined  by  the  time 
constant  of  Ct,  Pit,  and  Pu,  which  is 
made  much  shorter  than  that  of 
CMi,.  After  a  count,  Ct  discharges 
through  Pig  and  Pig  and  the  grid 
potential  of  Fg  climbs  towards  its 
original  voltage.  This  initiates 
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Modern  Geiger-Muller  tube  as  used  in  phyeical,  industrial,  and  biological  research 


ELECTRONICS  — Jonuory.  1947 


81 


WITHIN  recent  years  the  need 
for  the  detection  and  count¬ 
ing  of  atomic  particles  has  greatly 
increased,  in  the  field  of  pure  phys¬ 
ics  as  well  as  applied  physics.  The 
greater  proiwrtion  of  this  need  has 
been  satisfied  by  the  Geiger-Muller 
tube,  used  with  suitable  counting 
circuits. 

When  low-intensity  sources  are 
being  measured,  care  is  necessary 
to  ensure  that  the  observed  increase 
of  count,  above  the  background 
count,  is  real  and  not  just  a  prob¬ 
ability  variation.  For  example,  if 
the  average  background  count  is 
80  per  minute  and  a  count  is  taken 
over  5  minutes,  the  total  is  *400 
counts.  The  probable  error  is 
roughly  the  square  root  of  the  num¬ 
ber  of  counts  taken  and  hence  is 
±20,  or  ±6  percent.  Thus,  on  a 
5-minute  count,  any  variation  can¬ 
not  justifiably  be  treated  as  real 
unless  it  is  at  least  10  percent 
greater  than  the  background  meas¬ 
ured.  (The  background  may  be 
6  percent  low  and  the  count  5 
percent  high).  For  a  20-minute 
count,  however,  the  probable  error 
drops  to  2.5  percent.  The  longer 
the  count,  the  less  is  the  probable 
error. 

From  the  above  considerations  it 
might  appear  desirable  to  have  a 
low  background  count.  In  general, 
however,  in  reducing  the  back¬ 
ground  count  we  must  reduce  the 
effective  area  of  the  counter,  and  it 
therefore  responds  to  a  correspond¬ 
ingly  smaller  number  of  the  par¬ 
ticles  being  counted.  In  certain 
cases,  where  the  solid  angle  of  ra¬ 
diation  is  limited,  a  distinct  ad¬ 
vantage  can  be  obtained  by  a 
smaller  effective  area  and  some 
form  of  window.  Background 


Typlcol  counting  apparatus.  Tho  Gr-M  tub*  is  mountsd  in  the  probe  unit  at 
the  right  which  plugs  into  the  ampliiier  and  counter 


counts  as  low  as  10  (or  even  5) 
per  minute  are  not  at  all  difficult  to 
obtain,  while  still  retaining  the  es¬ 
sential  features  of  the  G-M  tube. 

Tube  Theory 

All  methods  of  measurement  of 
radioactivity  are  based  on  ioniza- 
ation  processes,  whether  the  instru¬ 
ment  is  a  Wilson  cloud  chamber,  an 
ionization  chamber,'  or  a  Geiger- 
Muller  or  similar  counter.  The 
difference  in  action  between  the 
G-M  counter  and  the  others  lies  in 
the  fact  that  the  response  of  the 
instrument  is  equal  for  all  particles 
or  photons,  whereas  in  the  case  of 
all  the  others  the  response  is  largely 
proportional  to  the  energy  of  the 
particle  or  photon. 

The  passage  of  an  alpha  or  beta 
particle,  or  a  gamma  photon,  leads 
to  the  ejection  of  an  electron  from 
the  cathode  surface  or  from  a  mole¬ 
cule  of  the  gas  in  the  G-M  tube. 
The  liberated  electron  is  drawn  to 


the  highly  positive  anode,  colliding 
with  gas  molecules  in  its  path  and 
thus  liberating  further  electrons. 
This  process  becomes  cumulative 
and  is  further  added  to  by  the  ac¬ 
tion  of  photons  emitted  when  the 
gas  atoms  return  from  excited 
states  to  ground  states.  The  tube  is 
thus  behaving  as  a  triggered  ampli¬ 
fier,  triggered  by  the  incoming  par¬ 
ticle  or  photon. 

This  so-called  avalanche  process 
must  not  be  allowed  to  continue  in¬ 
definitely,  and  is  made  to  collapse 
upon  itself  either  by  the  admixture 
of  some  suitable  polyatomic  vapor 
such  as  alco^iol,  which  has  a  quench¬ 
ing  action,  or  by  some  external  cir¬ 
cuit  which  causes  the  voltage  to 
drop  below  the  operating  voltage  of 
the  tube. 

The  ideal  G-M  tube  is  one  which 
signals  the  passage  of  all  particles 
by  producing  pulses  of  the  shortest 
possible  duration,  and  of  the  mini¬ 
mum  amplitude  compatible  with  ef- 


January,  1947  —  ELECTRONICS 


By  A.  BRAVES 

Director  of  Retearch 
AlltooU  Ltd. 

Brentford,  Middlesex,  England 


Modern  GEIGER-MULLER 

COUNTERS 


Some  very  interesting  work  has 
been  done  in  the  field  of  tracer  work 
recently,  apart  from  such  obvious 
uses  in  biology  as  tracing  processes 
in  glands,  digestive  tracts,  and  the 
blood  stream.  By  painting  parent 
wireworms  with  a  radium  varnish, 
then  following  their  daily  move¬ 
ments  and  measuring  worm  con¬ 
centrations  in  different  areas,  much 
information  can  be  obtained  as  to 
the  habits  of  these  destructive  crea¬ 
tures.  The  same  applies  to  other 
migrating  insects  and  pests. 

By  introducing  a  radioactive 
tracer  into  a  fertilizer  and  follow¬ 
ing-,  over  a  period  of  time,  the 
movement  of  the  tracer,  informa¬ 
tion  can  be  obtained  concerning  the 
precise  action  of  the  fertilizer.  It 
has  also  been  possible  recently  to 
introduce  tracers  into  seeds  them¬ 
selves,  which  aids  the  study  of 
plant  growth  or  of  mutations.  Hy¬ 
podermic  methods  may  also  be  em¬ 
ployed. 

Danger  of  contamination  by  the 
radioactive  elements  used  in  some 
types  of  luminous  paints  makes 


periodic  examination  of  the  work¬ 
ers  essential.  Much  of  this  work  is 
done  in  England  by  the  National 
Physical  Laboratory,  Teddington, 
using  one  of  the  counters  described 
and  some  of  the  G-M  tubes  shown. 

Where  an  element  is  found  as  a 
mixture  of  isotopes,  one  or  more  of 
which  is  radioactive,  the  concentra¬ 
tion  of  a  solution  containing  this 
element  may  be  determined  with 
the  aid  of  a  G-M  tube  and  counter. 
For  example,  potassium  is  found  as 
a  mixture  of  K  »  and  K^o,  the  latter 
being  present  in  the  proportion 
0.012  percent  and  emitting  a  B 
ray.  It  has  been  found  possible  to 
estimate  the  strength  of  K  solu¬ 
tions  very  well  by  measuring  the 
B  radiation  from  the  solution,  using 
suitable  B-sensitive  G-M  tubes  and 
counters  and  comparing  the  results 
with  those  obtained  from  a  solu¬ 
tion  of  known  concentration. 

A  G-M  counter  can  be  used  in 
determining  the  age  of  the  oldest 
igneous  rocks  by  an  assessment  of 
the  percentage  proportion  of  ura¬ 
nium  to  its  decay  products  in  any 


radioactive  minerals  found.  An 
analogous  application  is  prospect¬ 
ing,  not  only  for  uranium  ores  but 
also  for  other  minerals  which  are 
likely  to  be  found  in  the  same  for¬ 
mations,  such  as  lead,  copper,  co¬ 
balt,  and  silver.  Conversely,  the 
presence  of  any  of  these  ores  may 
indicate  a  probability  of  uranium 
ores. 

In  studying  products  of  the  car¬ 
bon  pile,  the  cyclotron,  or  other 
processes  for  obtaining  synthetic 
radioactive  materials,  one  of  the 
short  cuts  in  routine  work  is  to  es¬ 
tablish  the  decay  rate  or  half-life 
period  of  the  element  or  compound 
under  observation.  This  means  that 
a  series  of  counts  is  taken  over  a 
period  of  time.  The  reduction  in 
the  rate  of  counts  indicates  the  de¬ 
cay  rate.  A  simple  result  like  this 
can  only  be  reliable  if  each  disin¬ 
tegration  is  signalled  by  a  single 
pulse  of  very  short  duration  and 
constant  amplitude.  Of  all  the  in¬ 
struments  available  the  G-M 
counter  is  the  most  suitable  for  the 
purpose. 


FIG.  1 — Counting  circuit  proTiding  two  altemotiTe  methods  of  counting.  With  twitch  Si  at  the  left,  mechonical  counting  is  proTided 
OTer  a  range  of  0  to  600  counts  per  minute.  With  Si  at  the  right,  pulses  are  integrated  and  the  counting  rote  is  indicated  directly  on 
a  meter  for  high-speed  counting,  with  the  minimum  count  for  accuracy  being  about  100  per  minute 
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events,  for  absolute  accuracy  none 
of  these  must  occur  within  Ath 
second  of  each  other.  The  random¬ 
ness  of  the  events  reduces  the  ac¬ 
tual  rate  of  counting  which  can  be 
measured  with  accuracy.  With  one 
of  the  counters  mentioned  above 
the  upper  limit  for  accurate  count¬ 
ing  is  about  600  per  minute. 


restore  the  charge  on  C»  equals  the 
average  current  being  pumped  out 
of  C». 

This  reduction  of  potential  of  the 
grid  causes  less  current  to  flow 
through  V,  and  hence  through  the 
meter.  The  greater  the  rate  of  ar- 
riv£j  of  pulses  at  the  grid  of  V„  the 
greater  is  the  mean  current  flowing 
out  of  Cm>  and  the  greater  will  be 
the  voltage  drop  across  to  allow 
this  to  flow.  The  current  through 
V„  which  is  dependent  upon  the 
grid-to-cathode  voltage,  will  thus  be 
a  measure  of  the  rate  of  arrival  .of 
pulses  at  the  grid  of  V,.  The  meter 
in  the  anode  circuit  of  V,  therefore 
indicates  the  counting  rate. 

Since  an  increase  in  the  count¬ 
ing  rate  results  in  a  decrease  of 
current,  the  meter  reads  back¬ 
wards,  The  meter  used  in  the  ap¬ 
paratus  is  calibrated  from  100  to  0 
from  left  to  right,  and  must  be  set 
to  zero  (extreme  right  of  scale)  be¬ 
fore  a  count  is  taken. 


Combination  intoqrator  and  mochonlcal 
eountOT  for  um  with  G-M  tubos.  Motor  at 
loft  hidicatoo  roto  of  count  diroctly,  and 
motor  at  right  indicotoo  Toltago  boing  op- 
pUod  to  G-M  tubo.  In  botwoon  motors  is 
oloctromagnotic  coontor  that  indicotos  total 
count 


cumulative  action  again,  and  the 
circuit  quickly  returns  to  its  origi¬ 
nal  stable  state  with  on  and  Vt 
cut  off. 

With  this  circuit  the  limit  to  the 
speed  of  counting  is  definitely  fixed 
by  the  counter  itself  since  the  times 
required  to  build  up  the  various 
voltage  charges  around  the  circuit 
ard  negligible.  ‘  Countor 

When  switch  Si  is  over  to  the  With  only  the  background  count 
right,  the  integrator  is  in  the  cir-  present,  is  adjusted  until  the 
cuit.  The  high-voltage  supply  for  meter  reads  zero.  When  a  count  is 
V,  is  then  obtained  from  point  A  taken  the  deflection  decreases  and, 
on  the  resistance  chain  formed -by  by  comparison  with  a  standard 
Rm  and  P».  The  anode  load  of  V,  source,  a  quick  measure  of  the  count 
(neglecting  Pss)  is  then  C«  in  paral-  is  obtained.  It  is  advisable  to  get 
lei  with  one  of  the  resistors  R„,  R^,  the  same  deflection  on  the  meter 
R„,  and  Rm.  in  both  measurements  and  compare 

When  Si  is  over  to  the  right  it  the  strengths  of  the  two  sources  by 
also  applies  high  voltage  to  V,  means  of  their  distances  from  the 
through  Rn  and  meter  M,.  The  grid  counter.  The  inverse  square  law 
of  Vt  is  fed  directly  from  the  anode  relates  counts  to  distance, 
of  V,  (neglecting  Ti).  When  no  Switches  S,  and  S,  give  a  choice 
pulses  are  being  fed  to  the  grid  of  eight  different  sensitivities  for 
of  Vt,  the  current  in  V,  is  deter-  use  with  different  power  sources, 
mined  by  the  setting  of  P,  and  the  The  integrator  is  most  useful  for 
potential  of  the  grid  (tied  to  the  fast  rates  of  counting,  for  under 

anode  of  Vs).  this  condition  the  efficiency  of  the 

When  positive  pulses  arrive  at  smoothing  circuit  is  greater  and 
the  grid  of  V„  each  one  causes  a  the  current  pumped  out  of  C»  is 
pulse  of  current  through  V*.  This  nearer  to  a  continuous  flow.  For 
current  is  pumped  out  of  C»  during  low  counting  rates,  the  needle  be- 
the  on  period  of  the  pulse  and  the  comes  unsteady  and  consequently 

charge  builds  up  again  during  the  accuracy  is  lost, 

off  period.  The  rate  of  buildup  is  The  apparatus  as  a  whole  there- 
determined  by  the  value  of  C«,  and  fore  provides  two  alternative  meth- 
by  the  resistance  in  parallel  with  it.  ods  of  counting.  The  time  taken  to 
If  the  pulses  are  sufficiently  fre-  operate  the  mechanical  counter  sets 
quent  the  grid  of  V»  adjusts  itself  to  an  upper  limit  to  the  counting  rates 
a  new  steady  voltage,  the  current  for  which  this  method  can  be  used, 
pulses  being  smoothed  out  by  Cw  The  highest-speed  counter  readily 
and  Rst.  The  voltage  a’t  the  grid  is  available  will  count  at  a  rate  of  16 
such  that  the  current  leaking  per  second  (960  per  minute) .  Since 
through  Rm  (or  Rm,  R„,  or  Rm)  to  a  G-M  count  is  a  count  of  random 


Gaigar-Muller  tuba  haTing  low  background 
count  ai  raquirad  for  x-ray  spactrum 
onalyais 


With  the  integrator,  the  slowest 
rate  of  counting  is  dependent  upon 
the  duration  of  the  pulses,  the  time 
constants  of  the  circuits,  and  the 
meter  itself.  This  last  factor  makes 
calculation  of  the  slowest  rate  ra¬ 
ther  complicated,  but  it  is  of  the 
order  of  100  per  minute.  There  is 
thus  a  good  overlap  between  the 
two  methods. 

The  integrator  method  is,  of 
course,  less  accurate  than  the  me¬ 
chanical  counting  method.  If  ac¬ 
curate  high-speed  counting  is  re¬ 
quired,  scaling  circuits  must  be  in¬ 
troduced.  For  the  purposes  for 
which  this  instrument  was  de¬ 
signed  these  were  not  considered 
necessary. 

Typical  Applications 

There  are  many  interesting  pres¬ 
ent-day  applications  of  G-M  tubes 
and  counters.  One  that  is  now  in¬ 
creasing  rapidly  in  importance  is 
the  measurement  of  samples  and 
specimens  of  radioactive  isotopes 
produced  for  sale  and  distribution. 
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Installation  in  Mouacro  Boy.  Attu.  Weothorproof  rocoirer  housing  and  its  Tortical 
ontonna  con  bo  soon  noor  top  of  buoy.  Nonnally  unattondod  lor  up  to  o  yoor  at  a 
timo.  thoso  buoy  lights  woro  turned  off  by  radio  during  the  war  upon  approach  of 

onomy  ships 
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IfNRAC  is  a  term  coined  by  the 
A^United  States  Coast  Guard  from 
the  phrase  Aids  to  Navigation 
Radio  Control.  This  development, 
recently  declassified,  is  a  vhf  radio 
remote  control  for  quickly  blacking 
out  lighted  harbor  buoys  in  case 
of  enemy  approach. 

Such  buoys  are  equipped  with 
lanterns  illuminated  by  acetylene 
gas  or  electricity,  and  normally  are 
allowed  to  function  unattended  day 
and  night  for  approximately  twelve 
months.  Then  they  are  completely 
reserviced  and  made  ready  for  an¬ 
other  year  of  operation.  During  the 
war,  buoys  and  unattended  fixed 
lighted  aids  to  navigation  were 
equipped  in  a  number  of  the  larger 


F.  A.  B.  SMITH 

Radio  Engineer 
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Washington,  D.  C. 


harbors  on  the  east  and  west  coasts 
of  the  United  States,  Aleutians, 
Hawaii,  Midway,  and  other  Pacific 
bases. 

Military  Requirements 

The  military  requirements  for 
promptly  extinguishing  lights  on 
aids  to  navigation  called  for  the 
application  of  radio  devices  under 
unusually  severe  marine  conditions. 
Specifically,  it  was  required  that  the 
buoy  radio  equipment  including 
self-contained  battery  supply  weigh 
not  over  75  pounds,  be  easily  at¬ 
tached  to  standard  buoys,  have  suffi¬ 
cient  sensitivity  to  operate  reliably 
at  distances  of  seven  to  ten  miles 
with  reasonable  transmitter  power. 


and  extinguish  the  lights  as  soon  as 
possible.  Furthermore,  it  was  im¬ 
portant  to  provide  security  from 
enemy  control  and  from  accidental 
operation  by  mechanical  shock, 
static,  or  interfering  radio  signals. 

•  Probably  no  marine  device  suf¬ 
fers  such  complete  exposure  as  a 
buoy  anchored  in  deep  water.  In  ad¬ 
dition  to  continuous  exposure  to 
atmospheric  elements — sun,  wind, 
rain,  snow,  sleet,  and  ice — the  buoy 
is  constantly  buffeted  by  the  sea 
and  seldom  free  of  salt  water  spray. 
Thus  a  radio  device  installed  on  a 
buoy  must  be  watertight  and  cor¬ 
rosion  resistant.  It  must  operate 
satisfactorily  in  the  heat  of  direct 
rays  of  the  sun  and  in  the  cold  of 
winter,  and  it  must  not  fail  because 
of  the  constant  motion  of  the  buoy, 
which  may  become  violent  in  heavy 
seas. 

A  harbor  blackout  system  con¬ 
sisted  of  one  or  more  control  sta¬ 
tions  located  so  as  to  give  an  effec¬ 
tive  coverage  of  the  area  in  which 
the  lighted  buoys  were  located.  The 
control  station  equipment  on  shore 
consisted  of  a  keying  device  and 
vhf  transmitter  to  broadcast  the 
coded  signals.  On  the  buoys  were 
installed  receivers  responsive  to 
these  coded  signals,  and  either  elec¬ 
tric  relays  or  electrically-operated 
gas  valves  (depending  on  whether 
the  buoys  were  lighted  by  electric 
or  acetylene  lanterns). 

Ceding  System 

The  heart  of  the  controU  system 
is  a  torsional-type  selective  relay 
having  a  permanent-magnet  arma¬ 
ture  retained  in  a  normal  position 
by  a  hair  spring.  Upon  application 
of  pulsed  d-c  to  the  field  windings, 
the  armature  vibrates  rotationally 


I 


CONTROLLED  BUOYS 


Acetylene  or  electric  lights  on  offshore  buoys  are  turned  on  and  off  by  special 
employing  frequency-selective  torsional  relays,  in  response  to  signals  from  vhf  shore  trans 


mitter  employing  two  supersonic  subcarriers  pulsed  at  different  rates 
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soction 


Impulse  keying  unit  used  at  shore  station 


(like  a  motor  reversing  itself  con¬ 
tinually)  whei!  the  applied  pulses 
have  a  rate  equal  to  the  natural 
frequency  of  the  armature.  With  a 
current  change  of  1.2  milliamperes, 
the  oscillation  reaches  sufficient 
amplitude  in  approximately  two  sec¬ 
onds  to  close  a  pair  of  contacts 
momentarily.  These  contacts  are 
connected  in  a  circuit  to  operate  the 
relay  or  valve  controlling  the  light. 
Four  pulse  rates  are  available  for 
use  in  the  range  10  to  16  cycles  per 
second,  and  the  torsional  relay  will 
discriminate  between  pulse  rates  as 
close  as  one  cycle  per  second  apart. 

Normally,  only  two  torsional  re¬ 
lays  are  required,  operating  in  the 


output  circuit  of  a  receiver,  one 
being  for  the  ON  function  and  the 
other  for  the  off  functiom.  For 
security  purposes,  however,  opera¬ 
tion  of  two  torsional  relays  simul¬ 
taneously  was  required  to  turn  the 
lights  on  and  9ne  to  turn  them  off, 
it  being  essential  to  get  the  lights 
off  quickly  and  highly  important 
that  they  not  be  turned -on  by  the 
enemy.  This  was  accomplished  by 
transmitting  two  subcarriers,  each 
pulsed  at  a  different  rate,  the  sub¬ 
carriers  being  separated  by  the  re¬ 
ceiver  filters  and  the  pulses  by  the 
torsional  relays.  Normally,  audio 
tones  would  be  used  for  subcarrier 
frequencies,  but  in  this  equipment 


two  supersonic  frequencies  between 
20  and  30  kilocycles  were  used  for 
added  security. 

With  the  two  subcarriers  trans¬ 
mitted  simultaneously  at  different 
pulse  rates,  a  casual  listener  might 
hear  only  a  faint  audio  beat  inter¬ 
rupted  at  a  continually  varying  rate 
as  the  pulse  frequencies  went  in 
and  out  of  phase  periodically.  These 
sounds  would  be  definitely  deceptive 
to  any  one  attempting  to  interpret 
the  coding  aurally. 

An  important  feature  of  the  sys¬ 
tem  is  that  it  is  practically  im¬ 
mune  to  false  operation  by  radio 
noise  and  other  signals,  due  to  the 
double  selection  feature.  Subcar¬ 
rier  frequencies  and  pulse  rates 
must  be  accurately  transmitted  to 
cause  the  desired  operation.  Fur¬ 
thermore,  the  double  selection  fea¬ 
ture  provides  a  large  number  of 
coding  combinations  which  can  be 
changed  readily.  As  an  example,  the 
signal  to  turn  the  lights  on  might 
consist  of  the  radio  carrier  modu¬ 
lated  simultaneously  at  22  and  28  kc, 
the  22-kc  signal  being  interrupted  at 
11  cps  and  the  28-kc  signal  being  in- 


8|)tLlul  audio  output  circuit  of  tuporhotorodyno  rocoiror  usod  on  buoy.  Bhowing  con* 
aoellmu  for  tho  throo  torsional  roloys  doTolopod  by  WoUaco  and  Tiomon  Co. 


terrupted  at  15  cps.  The  22  and  28- 
kc  subcarriers  would  be  separated 
in  the  receiver  by  filters  and  fed 
through  two  rectifying  channels  to 
•operate  two  torsional  relays,  one 
resonant  at  11  cps  and  the  other 
■at  15  cps.  Since  the  output  contacts 
■of  the  torsional  relays  were  con- 
nect’ed  in  series,  it  was  necessary 
for  both  torsional  relays  to  operate 
■simultaneously  to  turn  the  lights  on. 

Castrol  Station  EqnipMont 

The  control  station  equipment 
•consisted  of  a  50-watt  vhf  com¬ 
munication  transmitter  conven¬ 
tional  in  design  except  for  its 
modulation  capability,  which  ex¬ 
tended  up  to  30  kc,  and  an  impulse 
keying  unit.  A  coaxial-type  vertical 
antenna  was  connected  to  the  trans¬ 
mitter  through  a  concentric  copper 
transmission  line.  This  line  was  not 
pressurized  with  nitrogen,  but  in¬ 
stead  was  equipped  with  a  desic¬ 
cator  which  operates  with  air  at 
atmospheric  pressure. 

The  impulse  keying  unit  provides 
the  necessary  coding  impulses  for 
the  transmitter.  Two  electron- 
coupled  oscillators  with  permeabil¬ 
ity-tuned  coils  generate  the  two 
subcarrier  frequencies.  A  syn¬ 
chronous  motor  drives  four  cams 
actuating  snap-action  switches  to 
provide  four  interrupting  fre¬ 
quencies.  A  vibrating-reed  meter 
allows  a  constant  check  on  the  line 
frequency. 

To  provide  accurate  pulse  fre¬ 
quencies,  an  internal  60-cycle  power 
oscillator  is  included.  In  case  of 
deviation  beyond  one-quarter  cycle 
in  the  commercial  supply  frequency. 


the  synchronous  motor  is  switched 
over  to  the  internal  60-cycle  source, 
which  can  be  adjusted  to  exact  fre¬ 
quency  against  the  meter.  This 
oscillator  contains  an  unusual  cir¬ 
cuit  which  stabilizes  the  frequency 
under  conditions  of  wide  variation 
in  input  voltage.  This  is  done  as 
follows :  Plate  supply  voltage  is 
fed  through  a  high  resistance  to  the 
iron-core  oscillator  coil.  Variations 
in  plate  voltage  vary  the  magnetiz¬ 
ing  current  of  this  inductor  and 
thereby  its  inductance.  This  causes 
a  change  in  frequence  opposite  that 
caused  by  the  diriut  effect  of  the 
plate  voltage  variation,  and  the  cir¬ 
cuit  is  adjusted  to  closely  balance 
out  such  change. 

Code  Combination: 

For  the  nontechnical  operator, 
four  arbitrarily  marked  panel 
switches  allow  transmission  of  any 
one  of  three  pre-set  ON  signals  or 
the  universal  off  signal.  Four 
switches  concealed  beneath  a  re¬ 
movable  panel  allow  setting  up  any 
one  of  twelve  code  combinations  of 
subcarrier  and  interrupting  fre¬ 
quencies  for  each  of  the  three  ON 
channels,  and  any  one  of  eight 
combinations  for  the  OFF  channel. 
This  system  provides  the  means  for 
dividing  the  buoys  in  a  given  con¬ 
trol  area  into  three  groups  which 
can  be  turned  on  individually  as 
desired,  leaving  the  remaining 
groups  unlighted.  However,  the  OFF 
signal  extinguishes  all  three  groups 
at  once,  thus  meeting  the  military 
requirement  for  quick  blackout  in 
emergency.  All  control  station 
equipment,  except  the  antenna,  was 


installed  in  duplicate  for  reliability. 

The  buoy  receiving  control  is  a 
unit  complete  with  a  quarter-wave 
antenna,  receiver,  and  dry  battery. 
The  receiver  is  a  conventional 
superheterodyne  design  with  a  spe¬ 
cial  audio  output  circuit  incorporat¬ 
ing*  the  torsional  seljictive  relays. 
In  order  to  obtain  extended  opera¬ 
tion  between  battery  changes,  a  low- 
drain  electric  motor-driven  timer 
turns  the  receiver  on  for  five  sec¬ 
onds  every  two  minutes.  Thus  the 
battery  supplies  plate  and  filament 
power  only  thirty  hours  per  month 
on  ah  intermittent  basis.  The  timer 
motor  draws  an  average  current  of 
two  milliamperes  at  7V2  volts.  The 
nominal  receiver  sensitivity  is  10 
microvolts  with  fresh  batteries  and 
50  microvolts  with  batteries  at  cut¬ 
off.  Low-drain  tubes  are  used  to 
obtain  maximum  battery  life. 

Coatrel  Ralay  ea  BMoy 

The  control  relay  for  operation 
of  the  electric  buoy  is  separately 
contained  in  a  waterproof  box  and 
attached  to  the  buoy  in  a  suitable 
location  to  control  the  lighting  cir¬ 
cuit.  Because  of  the  intermittent 
contact  afforded  by  the  torsional 
relays  and  the  necessity  for  con¬ 
serving  battery  power,  the  control 
relay  had  to  be  latching  as  well  as 
low-drain.  This  relay  is  a  magnetic 
holding  type  requiring  approxi¬ 
mately  25  ma  at  18  volts  applied  to 
either  of  two  coils  as  needed  to 
open  or  close  the  main  contacts. 
An  electrically-operated  gas  valve 
was  designed  for  attachment  to  the 
flasher  and  burner  assembly  in  the 
lantern  of  acetylene  buoys.  This 
acetylene  relay  is  a  mechanical 
latching  type. 

Other  Appiteatloiif 

Applications  of  the  system  are 
being  extended  to  the  control  of 
other  unattended  aids  to  navigation 
not  required  in  operation  contin¬ 
uously,  such  as  fog  horns  and  elec¬ 
tric  bell  strikers.  By  eliminating 
the  security  features,  the  coding 
system  can  be  simplified  and  a 
larger  number  of  control  functions 
are  feasible. 

The  proven  reliability  of  the  sys¬ 
tem  of  remote  control  described  here 
and  its  simplicity  of  operation  may 
well  be  considered  in  future  applica¬ 
tions  of  radio  remote  control. 


86 


January,  1947  —  ELECTRONICS 


Constant-Gain 
Knock  Pickup  Amplifiei 

Cathode-follower  input,  special  feedback  circuit,  and  simplified  phase  inverter  stage 
provide  flat  frequency  response  from  8  to  20,000  cycles  with  a  gain  of  160,000  for 
portrayal  of  knock  patterns  of  internal  combustion  engines  on  a  cathode-ray  oscilloscope 


By  RICHARD  P.  KREBS  and  THOMAS  DALLAS 

Aircraft  Engine  Research  iMboratory 
Cleveland,  Ohio 


The  visual  detection  of  knock 
in  an  internal-combustion  en¬ 
gine  by  means  of  a  piezoelectric 
crystal  pickup,  cathode-ray  oscil¬ 
loscope,  and  associated  amplifier 
has  been  used  extensively  in  fuel 
rating  and  engine  testing.*’  *  If 
quantitative  measurements  of  the 
severity  of  the  knock  are  to  be 
made,  however,  one  of  the  first  re¬ 
quirements  of  the  system  is  an 
amplifier  whose  gain  is  constant 
over  a  wide  range  of  frequencies, 
independent  of  line  voltage. 

As  a  first  step  in  quantitative 
detonation  measurements,  the 
amplifier  herein  described  was  built 
at  the  ^Cleveland  laboratory  of  the 
National  Advisory  Committee  for 
Aeronautics.  This  amplifier  has  a 
high-impedance  input,  flat  fre¬ 
quency  response  from  8  to  20,000 
cycles,  a  gain  of  160,000,  and  suffi¬ 
cient  voltage  output  to  drive  a 
5-inch  cathode-ray  tube.  The  cir¬ 
cuit  is  given  in  Fig.  1. 

Cathode-Follower  Inpet 

The  input  section  of  the  amplifier 
is  a  cathode-follower  tube,  which  is 
an  impedance  transformer.  In  re¬ 
producing  cylinder  pressures  good 
fidelity  demands  a  long  time  con¬ 
stant  for  the  input  circuit.*’  *  Under 
operation  at  reduced  plate  and 


filament  voltages,  the  cathode  fol¬ 
lower  has  an  input  resistance  of  at 
least  50  megohms ;  moreover,  it  has 
reasonably  constant  gain  under  line 
voltage  variation. 

The  wide  range  of  frequencies 
covered  by  the  combined  knock  and 
pressure  waves  makes  it  necessary 
to  have  an  overall  frequency 


response  from  8  to  20,000  cycles  per 
second,  flat  to  within  ±10  percent. 
Resistance  -  capacitance  coupled 
amplifiers  are  used  for  the  two 
amplifying  sections.  To  obtain 
constant  gain  and  to  aid  the  fre¬ 
quency  response,  plate-to-cathode 
negative  feedback  is  employed  in 
the  first  amplifying  section  (two 
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6SJ7  tubes)  and  in  the  second 
amplifying  section  (a  6SJ7  tube 
and  a  6V6  tube).  The  amplifier 
gain  is  controlled  by  changing  the 
amount  of  feedback  in  these  sec¬ 
tions  by -means  of  five-position 
switches  to  give  the  following  ten 
different  gains : 

Switch  Gain 

Position  Section  1  Section  2 

1  10  200 

2  25  240 

8  60  800 

4  150  350 

5  400  400 

In.  the  above  table,  the  gain  of  the 
cathode-follower  tube  is  included  in 
Section  1  and  the  gain  of  the  in¬ 
verter  tube  is  included  in  Section  2. 
The  values  of  the  five  resistors  con¬ 
nected  to  each  step  switch  are 
chosen  to  give  the  specified  section 
gains.  The  overall  gain,  which  is 
the  product  of  that  for  the  two 
sections,  therefore  ranges  from 
2,000  to  160,000  in  25  steps. 

Feedback  !■  AnpIMer 

From  the  standpoint  of  keeping 
th^  hum  level  at  a  minimum  in  a 
two-tube  resistance-coupled  ampli¬ 
fier  with  plate-to-cathode  negative 
feedback  as  in  Fig.  2,  it  can  be 
demonstrated  that  reducing  i2« 
rather  than  increasing  Ra  is  the 
preferable  method  of  reducing  gain. 
The  output  from  the  two  tubes  may 
be  considered  as  resulting  from 
three  voltages:  the  signal  e,  and 
the  hum  e,  and  e,  developed  in  the 
plate  circuits  of  the  two  tubes.  The 
basic  equations  are 

+  M  [«•  “  Rt(ii  +  »•)]  = 

ii{Ri  +  +  Tp)  +  itRt  (1) 

«t  -|-  m(«i  ~  iiRi)  **  ~  it(.Rt  +  Tp)  ~  Ufp 


and  an  output  tube  is  to  use  an 
additional  driver  tube  and  output 
tube  for  the  inverter  circuit  and  to 
supply  part  of  the  voltage  from  the 
grid  of  the  first  output  tube  to  this 
driver  grid.  Because  of  the  feed¬ 
back,  the  hum-to-signal  ratio  is 
lower  at  the  plate  of  the  first  output 
tube  than  at  the  grid,  and  as  a 
result,  the  inverter  phase  will  have 
a  higher  hum-to-signal  ratio  than 
the  original  output  tube.  Since  the 
increased  hum  was  objectionable 
for  the  inverter  section,  a  new  cir¬ 
cuit  was  developed  for  this  applica¬ 
tion.  Although  it  has  only  one  tube, 
the  highly  necessary  constant-gain 
FIG.  a— Alternating-currant  functioned  dia-  feature  derived  from  negative  feed- 
gram  for  two-ttage  amplifier  with  feedback  back  is  Still  obtained. 

In  the  simplified  version  of  this 
inverter  circuit,  shown  in  Fig.  3,  let 

'  Rt  >  >  Ri  and  Rt  >  >  Ri  (6) 

S;  The  negative  feedback  voltage  will 
V  7^  I  be  where 


Eae.FOR  «,  ALONE: 


FIG.  3 — ^Alternating-current  fimctional  dia¬ 
gram  for  etobilized  inrerter  eyetem 


The  following  equation  is  written 
from  the  equivalent  circuit  of  V,  in 
Fig.  3,  in  which  (i  is  the  amplifica¬ 
tion  factor  and  r,  the  plate  re¬ 
sistance  of  Vi  and  other  values  are 
as  indicated  in  the  circuit: 


In  the  analysis,  for  simplicity, 
the  signal  voltage  may  be  consid¬ 
ered  zero  and  the  effects  of  ei  and 
e,  studied  separately.  Assume  that 
fL  +  1  =  fi  and  that  R3<<Rt.  The 
output  for  Cl  alone  is  then  given  by 
Eq.  4  in  Fig.  2,  and  the  output  for 
e,  alone  is  given  by  Eq.  5  in  Fig.  2. 
The  following  table  presents  the 
left-hand  side  of  Eq.  4  and  5  for 
four  different  values  of  Ra  and  cor¬ 
responding  values  of  Ri : 

Ra  R4  Gain  Gain 

(ohms)  (ohms)  for  Ci  for  e* 

100  9,900  1.12  0.015 

500  49,500  1.63  0.022 

1,000  99,000  2.12  0.028 

3,000  297,000  3.94  0.051 

The  table  shows  that  the  smaller 
Ra  is  made  (keeping  p  constant), 
the  smaller  the  components  of  Ci 
and  e,  will  be  in  the  output. 

Simplified  ‘  Phase  leverter 

The  usual  method  of  obtaining 
phase  inversion  in  a  resistance- 
coupled  amplifier  having  a  driver 


*1  =*  —  ifRi  +  itRt  +  uR*  +  iiRt  (3) 
where  /i  is  the  amplification  factor 
and  r,  is  the  plate  resistance  of  the 
tube. 

Representative  values  for  two 
6SJ7  tubes  are  fi  =  800,  r,  =  1,000,- 
000  ohms,  ^  =  0.01,  and  R,  =  jR,  = 
100,000  ohms,  inhere  /3  is  Ra/{Rt  + 
Ra),  the  negative  feedback  factor. 
The  gain  for  the  signal  voltage  e, 
may  be  considered  constant  if  ^  is 
held  fixed,  regardless  of  the  abso¬ 
lute  values  of  Ra  and  R«,  because  a 
reduction  in  gain  of  the  amplifier 
without  feedback  of  67  percent  re¬ 
sults  in  a  change  of  gain  of  only 
6  percent  with  feedback. 


El  l+afi  '  " 

The  condition  for  perfect  phase 
inversion  can  be  established  from 
Eq.  9  or  10  by  letting  E,  =  Ei,  or 


Since  Eq.  11  comes  directly  from 
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Eq.  9,  perfect  inversion  is  inde¬ 
pendent  of  Rt.  However,  the  use 
of  R,  srives  additional  stability  and 
minimizes  mismatch  between  V, 
and  V,. 

Representative  values  for  the 
.two  6V6  tubes  of  this  phase-in¬ 
verter  application,  using  a  plate 
voltage  of  250  and  a  current  of  20 
milliamperes,  are  Ri  =  10,000, 

1/g^  =  376,  n  =  240,  R,  =  500, 
r,  =  90,000,  a  =  26.7,  and  R*  = 
1,000,000. 

Also,  with  P  i  from  Eq.  11  and 
7,  it  is  found  that  m  =  0.371,  R,  — 
0.797  megohm,  and  R^  =  0.888  meg¬ 
ohm. ,  A  check  on  the  usefulness 
and  accuracy  of  the  various  equa¬ 
tions  can  be  made  by  substitution 
of  these  representative  values.  The 
values  obtained  for  the  ratio  E,/Ei 
are  0.990  with  Eq.  8,  0.988  with  Eq. 
8  (Rt  =  0),  1.000  with  Eq.-9,  and 
1.000  with  Eq.  10.  Inasmuch  as 
the  variation  of  the  ratio  is  about 
1  percent,  the  use  of  the  simplest 
expression  (Eq.  10)  for  calculation 
of  the  voltage  ratio  Et/Ei  is  ade¬ 
quate.  This  likewise  demonstrates 
the  adequacy  of  Eq.’ll,  which  comes 
directly  from  Eq.  10,  as  the  de¬ 
termining  condition  for  perfect 
phase  inversion. 


The  above  application  demon¬ 
strates  that  odd  values  of  R,  and 
Rt  result  from  the  application  of 
Eq.  11.  Since  a)8>>l,  Eq.  11  can 
be  modified  to  give  the  simple  re¬ 
sult,  that 

wi  *  ^  or  Rt  *  Rt  (12) 

In  compliance  with  this  result,  if 
the  grid  network  (Rt,  R,,  and  Rt) 
is  simplified  to  three  1-megohm  re¬ 
sistors,  p  and  m  become  h  and  the 
voltage  Et  is  only  10  percent  less 
than  Eu 

liivortioR  Efficioiicy 

Figure’  4  shows  the  variation  of 
the  inversion  efficiency  Et/E,  with 
the  feedback  factor  ft,  which  is  the 
condition  established  by  Eq.  12.  The 
data  for  the  curves  were  obtained 
from  Eq.  10,  which  is  valid  only  if 
H  is  greater  than  approximately  40 
and  r,  is  large  compared  to  R,.  Be¬ 
cause  the  maximum  practical  value 
of  p  is  of  the  order  of  -0.5,  these 
curves  indicate  that  a’  should  be 
greater  than  20  before  Eq.  10  is 
used. 

Figure  4  may  also  be,  used  to 
calculate  m  for  perfect  phase  in¬ 
version  if  *  is  known.  If  p  is 
chosen  arbitrarily  the  ratio  Et/E, 
with  m  =  is  found  from  the  ap- 

FIG.  4  —  Measure  of  iuTersion  ef¬ 
ficiency  EJE,  as  a  function  of  ^  (or  rarious 
▼alues  of  a.  when  m  =  /3.  tube  amplifica¬ 
tion  factor  is  greater  than  40.  and  plate 
resistance  rp  is  large  compared  with  load 
resistance  R, 


FIG.  S — Amplifier  gain  as  function  of  fre¬ 
quency  for  Tarious  positions  of  feedback 
controls  is  shown  graphically  below 
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prppriate  curve  of  Fig.  4.  If  p  is 
divided  by  the  value  of  E,/Ei  taken 
from  the  curve,  the  result  is  m  for 
perfect  phase  inversion. 

The  minimum  input  signal  of  1 
millivolt  made  imperative  an 
equivalent  input  background  noise 
less  than  100  microvolts.  Hum 
in  the  amplifier  was  greatly  re¬ 
duced  by  insulating  the  trans¬ 
former  shell  from  the  chassis  with 
Bakelite  strips,  by  using  a  filament 
potentiometer,  by  shielding  the 
input  stage,  and  by  using  negative 
feedback. 


Overall  Gain 

Figure  5  gives  the  overall  gain 
of  the  amplifier  for  different  i)Osi- 
tions  of  the  feedback  control 
switches.  The  amplifier  frequency- 
response  characteristics  are  fiat 
within  ±10  percent  from  8  to  20,000 
cycles  per  second.  The  amplifier 
operates  satisfactorily  down  to  2 
cycles  per  second  and  up  to  70,000 
cycles  per  second. 

Except  for  the  highest  gain  of 
160,000,  overloading  of  the  ampli¬ 
fier  is  not  evidenced  at  output 
voltages  up  to  200  volts  rms  or  560 
volts  peak-to-peak. 

For  all  settings  of  the  feedback 
controls,  the  gain  increases  about  i 
percent  for  every  1  percent  increase 
in  line  voltage.  It  is  assumed  that 
the  increase  in  gain  with  increase 
in  line  voltage  is  a  result  of  the 
change  in  characteristics  of  the 
first  cathode-follower  tube.  This 
tube  operates  at  a  low  filament 
voltage  in  a  region  where  small 
changes  in  filament  heating  power 
will  greatly  affect  the  mutual  con¬ 
ductance  of  the  tube. 

The  hum  and  background  noise 
in  the  amplifier  is  very  low,  varying 
from  an  equivalent  input  signal  of 
24  microvolts  at  the  minimum  gain 
of  2,500  to  17  microvolts  when  the 
gain  is  160,000. 
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Where  splatter  and  adjacent-chan¬ 
nel  interference  must  be  avoided, 
it  is  clear  that  peak  chopping  is 
not  particularly  practical. 

If  proper  care  is  taken  in  their 
design,  peak-actuated  volume  com¬ 
pressors  can  be  made  to  prevent 
momentary  overmodulation  on 
peaks,  without  perceptibly  increas¬ 
ing  the  bandwidth  of  the  audio 
signal  as  a  result  of  the  distortion 
which  occurs  during  the  transient 
changes  in  gain.  The  only  limit  to 
the  advantages  to  be  derived  from 
their  use  as  a  means  for  increasing 
the  average  percentage  of  modula¬ 
tion  is  the  loss  in  naturalness — 
and  eventually  intelligibility — 
which  results  when  weak  sounds 
are  amplified  much  more  than  loud 
sounds  (unless,  of  course,  a  pro¬ 
portionate  volume  expansion  is 
introduced  at  the  receiver,  but  such 
systems  of  communications  wher*e 
volume  expansion  at  the  receiver  is 
possible  will  not  be  considered  in 
this  article). 


Exp«riiii«nUil  claa«-C  balanced  modulertor  uMd  to  produco  modolotion  grootor  than 
100  porcont  omployod  on  HK-154  ol  about  50  watts  plot*  dissipation  for  tbs  modulator 
and  on  HX-54  of  about  25  watts  plate  dissipation  for  the  suppressor.  A  typical  modu- 
lotion  enTolope  is  shown  on  the  oscilloscope.  Circuit  is  shown  in  Fig.  3 


Another  method  of  increasing  volume  compression,  makes  possible 
the  average  percentage  of  modula-  a  still  further  increase  in  intelligi- 
tion  of  an  amplitude-modulated  bility  over  that  obtainable  by 
radiophone  transmitter,  which  in  means  of  volume  compression  alone, 
effect  allows  the  percentage  of  Briefly,  the  proposed  system 
modulation  to  exceed  100  without  allows  the  ratio  of  sideband  to 
causing  any  adjacent-channel  splat-  carrier  power  to  exceed  one-half 
ter  whatsoever,  is  to  increase  the  (the  condition  corresponding  to 
power  in  the  sidebands  beyond  the  100-percent  modulation)  without 
level  produced  by  100-percent  mod-  permitting  any  distortion  of  the 
ulation.  It  will  be  seen  that  this  sidebands  to  occur.  This  condition 
method,  used  in  conjunction  with  of  operation  might  be  called 


TUBE  I 


R-F  BYPASS 
CAPACITOR 


OUTPUT 


OUTPUT 


R-F  BYPASS 

‘capacitor 


CAPACITOR 


INPUT 


B-SUPPLY 


B-SUPPLY 


FIG.  2 — (A)  Additions  to  conTontionol  class-C  moduiated  ampliiier  to  produce  phase  reyersal  of  the  carrier  on  OTermodulation  peaks  ore 
shown  by  dotted  line.  (B)  To  bring  the  two  circuits  into  balance.  Variable  resistors  are  added.  Adiust  either  R,  or  R,.  or  R,  or  R«.  one 
or  the  other  pair  but  not  both,  until  equal  r-f  outputs  <xt  a  giren  plote  Toltage  are  obtained.  Adiust  Rs.  reTersing  polarity  of  tube  3 
if  necessary,  until  ttibes  1  and  2  present  the  some  load  impedance  to  the  modulator 
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OVER  MODULATION 

Without  Sideband  Splatter 


By  adding  this  balanced*modulation  circuit  to  an  a-m  phone  transmitter,  modulation  in 
excess  of  100  percent  can  be  produced  without  causing  adjacent-channel  interference. 
The  technique  permits  communication  modulators  to  operate  at  high  average  level 
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FIG.  1 — ^Vactor  diagreans  for  (A)  lOtPporcont  omplitud*  modulation  with  carrier  and 
(B)  lOO-perCont  modulation  with  fully  lupprosaad  carrior  show  that  tho  roaultont 
'signal  in  the  latter  cose  rererses  phase  as  a  consequence  of  the  modulotion 


IN  OPERATING  an  amplitude-modu- 
lated  radiotelephone  transmitter 
in  communications  or  broadcast 
service  it  is  always  desirable  to 
keep  the  average  percentage  of 
modulation  as  high  as  possible  in 
order  to  increase  the  energy  in  the 
intelligence-bearing  sidebands.  In 
this  way  a  louder-sounding  and 
hence  more  reliable  signal  is  de¬ 
livered  to  the  receiver.  However, 
the  average  percentage  of  modula¬ 
tion  may  only  be  increased  until 
overmodulation  begins  to  occur  on 
the  program  peaks,  for  the  wave¬ 
form  distortion  caused  by  over¬ 
modulation  clipping  is  rich  in 
harmonics,  and  the  corresponding 
sidebands  spilling  over  into  adja¬ 
cent  channels  may  interfere  with 
adjacent-channel  services.  Yet  in 
the  case  of  speech,  when  the  gain 
is  adjusted  to  prevent  overmodula¬ 
tion  on  peaks,  it  is  found  that  the 
average  percentage  of  modulation 
is  distressingly  low. 


The  circuit  described  in  this 
article  offers  a  simple  means  of 
increasing  the  average  percentage 
of  modulation  of  amplitude-modu¬ 
lated  phone  transmitters  above  100 
percent  without  causing  adjacent- 
channel  interference  due  to  side¬ 
band  splatter.  Accompanying  this 
increase  in  modulation  percentage 
is  a  certain  amount  of  distortion 
which  will  be  noticed  in  receivers 
tuned  to  such  a  signal.  However, 
it  is  unlikely  that  this  distortion, 
occurring  as  it  does  only  on  peaks, 
will  degrade  speech  intelligibility 
appreciably  unless  the  percentage 
of  modulation  exceeds  100  by  a  very 
large  amount. 

The  circuit  can  be  readily  in¬ 
corporated  in  existing  plate-modu¬ 
lated  phone  transmitters,  both 
single-ended  and  push-pull,  having 
more  audio  power  available  than 
that  required  for  100-percent 
modulation.  Installation  of  the  cir¬ 
cuit  requires  relatively  few  compo¬ 


nents.  For  radiophone  service 
where  intelligibility  rather  than 
fidelity  is  important,  the  system 
makes  possible  a  saving  in  total 
primary  power  consumption  and  in 
class-C  amplifier  tube  capacity  for 
%  given  sideband  power  output. 
This  advantage  is  obtained  even 
though  the  bandwidth  required  for 
transmission  is  maintained  at  the 
absolute  minimum. 

Peak  Limiting  and  Voinmn  Compression 

Various  ways  of  increasing  the 
average  percentage  of  modulation 
have  been  suggested.  One  method 
is  to  alter  the  dynamic  range  of 
the  original  program  material  in 
such  a  way  that  the  weak  passages 
are  made  louder  and  the  loud  pas¬ 
sages  made  weaker ;  known  as 
volume  compression.  Another 
method  is  to  introduce  peak  limit¬ 
ing  devices  which  limit  the  maxi¬ 
mum  possible  excursion  of  the 
audio  signal  fed  to  the  transmitter. 

The  two  systems  will  increase  both 
the  average  percentage  of  modula-  , 
tion  and  the  intelligibility  of  a 
signal,  at  the  expense  of  a  certain 
amount  of  naturalness  which  is  lost 
when  excessive  compression  of  the 
dynamic  range  or  distortion  due  to 
clipping  occurs. 

In  the  case  of  the  peak  chopper, 
there  is  the  disadvantage  that  the 
clipped  waveform,  if  allowed  to 
modulate  the  transmitter  directly, 
contains  harmonics  capable  of  caus¬ 
ing  just  about  as  much  adjacent- 
channel  interference  as  if  the 
clipping  had  been  caused  by  over¬ 
modulation  itself.  If  these  har¬ 
monics  are  removed  by  a  low-pass 
filter,  the  waveform  is  no  longer 
clipped  at  a  fixed  level,  and  over¬ 
modulation  is  no  longer  prevented. 
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modulation  splatter  suppression, 
tube  2  will  not,  in  general,  be  iden¬ 
tical  to  tube  1,  and  consequently 
it  is  of  interest  to  consider  how  a 
modulator  consisting  of  two  dis¬ 
similar  tubes  can  be  brought  into 
balance.  The  circuit  of  Fig.  2A 
lends  itself  nicely  to  a  consideration 
of  balanced  modulator  operation  in 
terms  of  familiar  class-C  amplifier 
concepts. 

The  curve  of  r-f  output  voltage 
versus  plate  voltage  for  a  class-C 
amplifier  stage  is  very  nearly  a 
straight  line  beginning  at  the  ori¬ 
gin  and  possessing  a  slope  slightly 
less  than  unity.  This  characteristic 
comes  about  because  the  peak  r-f 
voltage  across  the  tank  circuit  of 
an  adequately  excited  class-C 
amplifier  is  always  very  nearly 
equal  to  the  plate  supply  voltage. 
The  difference  between  these  two 
voltages  is,  of  course,  the  voltage 
required  to  draw  the  pulse  of  plate 
current  through  the  tube.  The 
magnitude  of  this  voltage  differ¬ 
ence,  assuming  constant  plate  load 
impedance,  is  controlled  to  a  first 
approximation  by  two  factors — the 
angle  of  plate  current  flow  and  the 
amplitude  of  the  grid  driving 
voltage.  Increasing  either,  within 
limits,  will  tend  to  increase  the 
amplitude  of  the  fundamental-fre¬ 
quency  component  of  the  plate  cur¬ 
rent  pulse,  and  thus  increase  the 
voltage  drop  at  fundamental  fre¬ 
quency  across  the  tuned  plate  tank 
circuit. 

The  amount  by  which  the  slope 
of  the  r-f  output  voltage  versus 
plate  voltage  curve  is  less  than 
unity  is  roughly  proportional  to  the 
magnitude  of  the  instantaneous 
plate  voltage  required  to  draw  the 
plate  current  pulse,  and  this  magni¬ 
tude  is  dependent  on  the  angle  of 
plate  current  flow  and  the  ampli¬ 
tude  of  the  grid  driving  voltage. 
Consequently,  if  we  have  two  class- 
C  amplifiers  whose  r-f  output  ver¬ 
sus  plate  voltage  curves  we  wish  to 
match,  or  stating  it  another  way, 
whose  slopes  we  wish  to  make 
equal,  to  a  first  approximation  it  is 
only  necessary  to  vary  the  grid 
bias  or  the  driving  voltage  of  one 
amplifier  until  its.  performance 
matches  the  other.  This  equality  is 
the  condition  we  wish  to  achieve  in 


FIG.  4 — ATsraq*  power  input  to  sappreuor 
tube  ia  shown  os  a  function  of  degrees  of 
sinewore  moduloUon 


the  balanced  modulator  of  Fig.  2A. 
Modulating  voltages  of  from,  zero 
to  maximum  positive  should  pro¬ 
duce  r-f  outputs  of  exactly  the 
same  magnitude  from  one  amplifier 
tube  as  modulating  voltages  from 
zero  to  maximuih  negative  produce 
from  the  other. 

Another,  somewhat  morg  waste¬ 
ful  way  of  accomplishing  the  same 
result  would  be  to  add  resistance 
in  series  with  the  supply  voltage 
lead  of  whichever  class-C  tube  is 
found  by  experiment  to  have  the 
r-f  output  versus  plate  voltage 
curve  of  greater  slope. 

However,  matching  the  slopes  of 
the  output  curves  does  not  guaran¬ 
tee  that  the  two  class-C  amplifier 
tubes  will  then  each  present  exactly 
the  same  load  impedance  to  the 
modulator.  It  is  entirely  possible 
that  the  two  tubes  may  produce 
equal  r-f  outputs  at  the  same  mag¬ 
nitude  of  d-c  plate  voltage,  but  at 
the  same  time  draw  differing  d-c 
plate  currents.  The  modulator  will 
then  be  working  into  one  value  of 
load  impedance  during  positive  half 
cycles,  and  another  during  negative 
half  cycles.  Unless  the  effective 
output  impedance  of  the  modulator 
has  been  reduced  by  some  means 
(such  as  negative  feedback)  to  a 
very  low  value,  positive  and  nega¬ 
tive  half-cycles  of  output  voltage 
will  have  differing  amplitudes  and 
distortion  will  result. 

Method  of  ProdHciRg  Balaace 

A  difference  in  load  resistances 
can  easily  be  eliminated  by  measur¬ 
ing  the  d-c  voltage-current  ratios 
of  the  two  class-C  tubes  at  a  given 
plate  voltage,  and  then  in  effect 


connecting  a  resistance  in  shunt 
with  the  plate  supply  leads  of  that 
tube  having  the  higher  ratio.  The 
added  resistance  should  be  of  a 
value  such  that  the  parallel  combi¬ 
nation  of  this  resistance  and  its 
associated  class-C  amplifier  pre¬ 
sents  the  same  load  resistance  to 
the  modulator  as  the  other  class-C 
tube  considered  alone. 

In  the  case  of  the  double  side¬ 
band  generator  circuit  that  we  have 
been  discussing,  both  tubes  are 
effectively  connected  across  the 
output  of  the  modulator  at  all 
times;  consequently  the  equalizing 
resistance  must  be  connected  to  the 
circuit  through  a  diode  in  such  a 
way  that  this  resistance  is  effec¬ 
tively  present  in  the  circuit  only 
during  positive  or  negative  half 
cycles  of  modulation,  as  the  situa¬ 
tion  may  require. 

Figure  2B  is  similar  to  Fig.  2A 
but  with  various  balancing  controls 
included.  Resistors  Ri  and  Rt  are, 
of  course,  the  grid  leak  resistors 
normally  present  in  the  circuit. 
(Use  of  grid  leak  bias  is  desirable 
from  the  standpoint  of  improving 
the  linearity  of  the  modulation 
characteristic.)  Resistors  R,  and 
Ri  represent  two  alternative  points 
of  connection  of  amplitude  balance 
controls.  Resistor  R,  illustrates  a 
way  of  connecting  the  load  imped¬ 
ance  balancing  resistor.  It  should 
be  emphasized  that  both  R,  and  R, 
will  not  be  needed.  Only  one  re¬ 
sistor  will  be  required,  once  the 
proper  point  of  connection  has  been 
determined. 

So  far  nothing  has  been  said 
about  the  effect  of  the  double  side¬ 
band  generator  tube  on  the  neu¬ 
tralization  of  the  original  class-C 
amplifier.  Inspection  of  Fig.  2A 
will  show  that  if  tube  2  has  the 
same  grid-plate  capacitance  as 
tube  1,  the  tubes  will  neutralize 
each  other  and  no  neutralizing  ca¬ 
pacitor  such  as  the  one  shown  will 
be  needed.  If  the  effective  grid- 
plate  capacitances  are  not  exactly 
equal,  as  will  almost  invariably  be 
the  case  when  stray  circuit  capaci¬ 
tances  are  taken  into  account,  a 
neutralizing  capacitor  may  have  to 
be  connected  between  the  plate 
leads,  which  are  in  parallel  for  r-f, 
and  the  grid  of  one  tube  or  the 
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“double  sideband  reduced  carrier,” 
which  would  be  analogous  to  the 
“single  sideband  reduced  carrier” 
systems  now  in  widespread  com¬ 
mercial  use. 

Figure  lA  shows  the  familiar 
vector  diagram  of  an  amplitude- 
modulated  wave,  100-percent  modu¬ 
lated.  Figure  IB  shows  the  same 
wave  with  the  carrier  removed  but 
with  the  sidebands  unchanged.  It 
is  possible  to  remove  the  carrier 
without  altering  the  sidebands  in 
any  way;  then,  because  the  side¬ 
bands  have  suffered  no  distortion, 
there  can  be  no  splatter.  Figure 
IB  rould,  for  example,  represent 
the  double  sideband  output  of  a 
balanced  modulator  in  which  the 
carrier  had  been  suppressed. 

It  is  important  to  note  that  the 
resultant  of  a  pair  of  a-m  sidebands 
taken  by  themselves  is  a  wave  of 
the  same  frequency  as  the  carrier, 
but  changing  in  amplitude  and  also 
in  phase,  as  shown  in  Fig.  IB. 
During  the  positive  half  of  the 
audio-frequency  modulating  cycle, 
the  resultant  varies  from  zero  to 
a  maximum  and  back  again;  dur¬ 
ing  the  negative  half  cycle,  the 
resultant  follows  a  similar  change 
in  amplitude  but  with  the  phase  of 
the  carrier  voltage  reversed.  This 
change  in  phase  may  be  considered 
to  be  part  of  the  normal  a-m  modu¬ 
lating  action.  When  the  resultant 
of  the  two  sidebands  is  in  phase 
with  the  carrier,  we  have  phase 
addition  and  upward  modulation; 
when  the  resultant  is  180  degrees 
out  of  phase,  we  have  phase  can¬ 
cellation  and  downward  modulation. 


If  one  class-C  amplifier  is  excited 
by  a  radio-frequency*  voltage  180 
degrees  out  of  phase  with  the  exci¬ 
tation  fed  to  the  other,  and  both 
amplifiers  work  into  a  common  out¬ 
put,  we  have  the  required  condition 
of  operation.  The  basic  circuit  is 
shown  in  Fig.  2A. 

■  The  portion  of  the  circuit  drawn 
in  with  a  solid  line  is  simply 
a  conventional  grid-neutralized 
single-ended  class-C  amplifier 
stage.  The  portion  drawn  with  a 
dotted  line  represents  the  addi¬ 
tional  equipment  needed  to  convert 
this  stage  into  a  double-sideb'and 
generator.  For  the  moment,  we 
will  assume  that  the  B-supply  is 
shorted.  It  will  be  seen  that  tube 
1  will  produce  r-f  output  during  the 
positive  half  cycles  of  modulation, 
while  tube  2  will  produce  r-f  output 
of  the  opposite  phase  during  the 
negative  half  cycles.  If  the  output 
of  the  two  tubes  is  properly  bal¬ 
anced  we  will  have  the  desired 
double-sideband  output. 

It  will  be  noted  that  this  circuit 
is  nothing  more  than  a  species  of 
balanced  modulator.  If  the  modu¬ 
lation  transformer  had  been 
provided  with  a  center-tapped 
secondary,  and  if  the  center-tap  of 
this  winding  had  been  bypassed  to 
ground  and  the  ends  connected 
through  shunt-feed  r-f  chokes  to 
the  plates  of  the  class-C  amplifier 
stages,  the  circuit  would  have  been 
recognized  at  once  as  one  of  the 
standard  variations  of  a  balanced 
modulator.  The  only  real  difference 


between  the  two  cases  lies  in  the 
method  of  connecting  the  supply 
voltages  to  the  two  classrC  ampli¬ 
fier  stages. 

We  are  accustomed  to  think  of 
balanced  modulators  as  consisting 
of  identical  tubes  or  rectifying  ele¬ 
ments,  which  is,  of  comrse,  the  nor¬ 
mal  arrangement  when  double¬ 
sideband  carrierless  output  is  de¬ 
sired.  But  there  is  no  reason  why 
the  carrier  must  be  completely 
suppressed ;  it  can,  in  fact,  be 
present  in  any  desired  amount 
without  disturbing  or  distorting 
the  sidebands  in  any  way.  In  order 
to  make  our  balanced  modulator 
produce  double-sideband  reduced- 
carrier  signals,  it  is  only  necessary 
to  insert  d-c  in  the  desired  amount 
by  means  of  the  B-supply.  In  fact, 
for  a  given  modulator  a-c  voltage 
output,  which  fixes  the  amplitude  of 
the  sidebands,  we  can  make  the 
ratio  of  sideband-to-carrier  voltage 
(and  also  the  percentage  modula¬ 
tion)  in  the  final  r-f  wave  anything 
we  would  like — from  something 
much  less  than  one  up  to  infinity — 
by  simply  adjusting  the  amount  of 
injected  d-c  and  thus  setting  the 
amplitude  of  the  carrier. 

Need  for  Balaaciag  th*  Medslater 

Of  course,  when  carrier  is 
added  to  the  sidebands  in  this  way, 
the  tube  supplying  the  carrier  will 
handle  more  power  than  its  mate, 
which  is  called  upon  only  to  supply 
sideband  energy.  In  the  application 
of  the  circuit  of  Fig.  2A  to  over- 
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Modulator  Circuit 

If  we  cause  the  amplitude  and 
phase  of  a  radio-frequency  wave  of 
the  carrier  frequency  to  vary  in 
the  same  manner  as  the  resultant  of 
the  two  sidebands  discussed  in  the 
preceding  paragraph,  we  will  have 
a  means  for  producing  a  double¬ 
sideband  carrierless  signal.  In 
practice  this  can  be  done  in  the 
following  way.  Two  class-C  ampli¬ 
fiers  are  fed  from  the  same  modu¬ 
lator  in  such  a  way  that  one 
produces  output  during  positive 
half  cycles  of  the  modulating 

voltage,  while  the  other  produces  y\G.  3— Addition  of  iplattor  supproMion  circuit  to  push-pull  modulatod  omplUior  can 
output  during  negative  half  cycles.  bo  don#  simply.  Balancing  controls  or#  not  shown:  soo  Fig.  2B 
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B-  SUPPLY  "  ■ 


all  other  respects  that  of  a  conven¬ 
tional  push-pull  amplifier.  From 
the  standpoint  of  r-f,  the  sup¬ 
pressor  tube  is  connected  between 
the  grid  of  either  one  of  the  push- 
pull  tubes  and  the  plate  of  the  other. 
The  main  point  is  that,  when  over¬ 
modulation  occurs  and  the  common 
plate-voltage  lead  becomes  more 
negative  than  ground,  causing  the 
suppressor  tube  to  come  into  opera¬ 
tion,  the  suppressor  tube  must  de-r 
liver  to  the  tank  circuit  r-f  which 
is  180  degrees  out  of  phase  with 
that  supplied  by  the  push-pull  tubes 
when  the  common  plate-supply  volt¬ 
age  lead  is  at  a  positive  potential. 

Splatter-Suppressor  Power 

The  splatter-suppressor  tube 
need  not  have  large  plate  dissipa¬ 
tion  capacity.  Because  tube  2  con¬ 
ducts  only  during  the  modulation 
peaks,  the  average  power  dissipated 
at  its  plate  will  be  small.  Conse¬ 
quently,  a  small,  inexpensive  tube 
can  be  used,  provided  one  is  se¬ 
lected  with  adequate  insulation  and 
adequate  peak  emission. 

For  a  sinewave  modulating  wave¬ 
form,  the  average  power  input  to 
the  splatter-suppressor  tube  can  be 
calculated  in  the  following  way. 
Power  input  to  the  suppressor  tube, 
expressed  as  a  percentage  of  the 
carrier  power  input,  is  0.278  m* 
for  sinewave  modulating  voltage, 
where  a  expressed  in  degrees  is  the 
angle  whose  cosine  is  1/m,  and  m 
is  the  modulation  factor  (defined  as 
the  difference  between  the  maxi¬ 
mum  and  average  envelope  ampli¬ 
tudes  divided  by  the  average  ampli¬ 
tude.) 

A  plot  of  this  relation  is  given  in 
Fig.  4.  The  actual  power  dissipated 
at  the  plate  of  the  suppressor  tube 
is,  of  course,  the  product  of  the 
total  input  times  the  efficiency  of 
the  suppressor  tube  as  a  class-C 
amplifier.  Especially  in  the  case  of 
complex  modulating  waveforms, 
such  as  speech  and  music,  it  will  be 
found  that  the  power  dissipated  by 
the  plate  of  the  suppressor  tube  is 
relatively  small  for  reasonable  de¬ 
grees  of  overmodulation. 

It  should  be  evident  that  use  of 
the  above  splatter-suppression  cir¬ 
cuit  will  not  prevent  distortion  at 
the  receiver  when  the  transmitter 


is  modulated  ip  excess  of  100  per¬ 
cent.  Some  representative  oscillo¬ 
grams  will  make  this  clear. 

Sytton  Fidolity 

Figure  5  illustrates  the  patterns 
obtainable.  In  all  three  figures  the 
modulator  output  voltage  is  con¬ 
stant,  and  only  the  d-c  plate  input 
to  the  larger  of  the  two  class-C 
tubes  was  varied.  Figure  5A  shows 
the  familiar  modulation  envelope 
pattern  obtained  when  the  percent¬ 
age  of  modulation  is  less  than  100 
percent.  In  Fig.  5B  the  effective 
percentage  modulation  is  now  in 
excess  of  100  percent,  and  the  sup¬ 
pressor  tube  is  beginning  to  make 
its  contribution.  In  Fig.  5C  the  d-c 
or  carrier  power  input  has  been  re¬ 
duced  virtually  to  zero  and  we  have 
very  nearly  a  pure  double-sideband 
output.  In  this  particular  setup, 
the  two  class-C  load  impedances 
presented  to  the  modulator  were  not 
balanced,  and  time  did  not  permit 
of  any  attempt  to  reduce  the  distor¬ 
tion  present  in  the  output  of  the 
laboratory  modulator  below  the 
level  shown.  However,  the  oscillo¬ 
grams  serve  to  illustrate  the  basic 
idea  of  the  system,  and  the  results 
obtained  were  in  full  agreement 
with  expectations. 

Figure  6  shows  the  trapezoidal 
patterns  corresponding  roughly  to 
the  conditions  of  adjustment  illus¬ 
trated  in  Fig.  5. 

When  a  signal  as  .much  over¬ 
modulated  as  the  one  shown  in  Fig. 
5B  is  demodulated  by  &  wideband 
conventional  receiver  using  a  linear 
detector,  a  badly  distorted  replica 
of  the  original  sinewave  will  be  ob¬ 
tained.  However,  it  should  be  borne 
in  mind  that  any  sideband  clipping 
caused  by  the  selectivity  of  the  re¬ 
ceiver  circuits  will  reduce  the  effec¬ 
tive  percentage  modulation  of  the 
incoming  signal  and  thereby  reduce 
the  distortion. 

Sideband  clipping  will,  of  course, 
normally  be  noticed  only  on  the 
higher  audio  frequencies,  1,000  cps 
and  above.  In  communication  cir¬ 
cuits  where  quality  of  reproduction 
is  not  important,  it  may  be  possible 
to  put  this  effect  to  some  practical 
use.  Considerable  high-frequency 
preemphasis  at  the  transmitter 
could  be  followed  by  high  selectivity 


FIG.  6  —  Conotponding  troposoidol  pot- 
terns  show  the  percents  of  modulation 
represented  by  oscillograms  of  Fig.  5 


at  the  receiver,  such  as  that  obtain¬ 
able  with  the  conventional  crystal 
filter.  If  high-frequency  program 
peaks  were  then  strong  enough  to 
overmodulate,  receiver  selectivity 
could  easily  be  made  sufficient  to 
reject  the  excess  sideband  energy, 
thus  leaving  a  signal  at  the  second 
detector  which  was  modulated  less 
than  100  percent  and  hence  undis¬ 
torted.  The  chief  practical  difficulty 
with  this  arrangement  is  that  most 
of  the  energy  peaks  in  speech  occur 
at  frequencies  below  1,000  cps.  How¬ 
ever,  when  overmodulation  did  oc¬ 
cur  at  any  frequency,  it  would  not 
produce  sideband  splatter  because 
of  the  carrier  phase  reversal  of  the 
suppressor  tube. 
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FIG.  5 — Oscillograms  show  Torlons  dsgroos 
oi  modttlertion,  including  OTormodulation, 
obtainsd  with  tho  suppressor  circuit 


other  in  order  to  make  the  neutral¬ 
ization  perfect. 

The  circuit  of  Fig.  2A  is  correct 
when  the  effective  grid-plate  ca¬ 
pacitance  of  tube  2  is  less  than  that 
of  tube  1.  For  the  reverse  situa¬ 
tion,  the  plate  connection  of  the 
neutralizing  capacitor  remains  the 
same,  while  the  grid  connection 
should  be  made  to  the  grid  of  tube  1. 

Phase  Shift  in  Grid  Circuits 

A  word  needs  to  be  said  at  this 
point  concerning  the  possibility  of 
undesirable  phase  shift  in  the  grid 
circuits  of  the  two  class-C  ampli¬ 
fier  tubes.  Referring  to  Fig.  2A, 
note  that  grid  coupling  capacitors 
Cl  and  Ct  will  normally  be  so  de¬ 


signed  that  their  reactance  at  the 
operating  frequency  is  very  low 
compared  to  the  equivalent  shunt 
resistance  of  the  grids  of  the  two 
tubes  at  the  positive  peak  of  the 
grid  driving  cycle.  Yet  the  react¬ 
ance  of  these  capacitors  at  the  high¬ 
est  modulating  frequency  should  be 
equal  to  at  least  twice  the  resistance 
of  the  grid  leaks  (neglecting,  in  the 
interests  of  simplicity,  the  effect  of 
the  r-f  chokes),  for  good  linearity 
of  modulation. 

In  view  of  the  extremely  low 
shunt  resistance  which  the  gyids 
may  represent  when  driven  well 
into  the  positive  region  of  opera¬ 
tion,  it  may  not  always  be  possible 
to  prevent  a  certain  amount  of 
phase  shift  in  the  coupling  circuits. 
If  the  two  tubes  are  dissimilar, 
with  differing  grid  driving  require¬ 
ments  and  differing  grid  imped¬ 
ance  characteristics,  the  phase 
shifts  in  the  two  grid  circuits  may 
not  be  the  same  and  the  two  tubes 
may  not  be  driven  exactly  180  de¬ 
grees  out  of  phase. 

Unfortunately,  the  phase  of  the 
voltage  in  the  grid  circuits  at  the 
positive  crests  of  the  grid  driving 
cycle  directly  determines  the  phase 
of  the  steady-state  r-f  voltage 
across  the  common  plate  thnk  cir¬ 
cuit.  The  remedy  is  to  equalize 
the  time  constants  of  the  two  grid 
circuits  at  the  crest  of  the  driving 
cycles,  which  can  be  done  by  vary¬ 
ing  the  capacitance  of  one  or  the 
other  of  the  coupling  capacitors  or 
by  connecting  a  low  resistance  in 
series  with  the  grid  of  whichever 
tube  displays  the  lowest  grid  im¬ 
pedance  at  the  positive  crest  of  its 
driving  cydle. 

Fortunately,  in  most  practical 
cases  the  phase  shift  through  the 
coupling  capacitors  will  be  negli¬ 
gible;  phase  correction  in  the  grid 
circuit  will  only  be  found  to  be 
necessary  in  the  case  of  low-carrier- 
frequency,  high-fidelity  transmit¬ 
ters  when  widely  dissimilar  tubes 
are  used. 

Exactness  of  balance,  both  as  re¬ 
gards  phase  shift  and  relative  am¬ 
plitude,  can  be  easily  checked  by 
applying  equal  d-c  plate  voltages  to 
both  tubes  simultaneously,  and  not¬ 
ing  the  presence  or  absence  of  r-f 
voltage  of  the  fundamental  fre¬ 


quency  in  the  common  plate  circuit. 
This  check  should  be  made  at  a 
number  of  different  supply  voltages. 

One  other  point  is  worthy  of 
mention.  Examination  of  Fig.  2 
will  show  that  tube  2  is  shunt  fed 
in  both  grid  and  plate  circuits,  and 
a  I6w-frequcncy  pax  Gallic  oscilla¬ 
tion  can  be  expected  as  a  matter  of 
course  unless  the  r-f  choke  in  the 
plate  circuit  given  a  much  larger 
value  of  inductance  than  that  in  the 
grid  circuit. 

Modifyiag  Exittlag  Eqalpmanf 

On  the  basis  of  the  foregoing  dis¬ 
cussion  it  is  not  difficult  to  see  how 
almost  any  plate-modulated  radio¬ 
telephone  transmitter  can  be  con¬ 
verted  into  a  double-sideband  gen¬ 
erator  for  the  purpose  of  suppress¬ 
ing  adjacent-channel  interference 
due  to  overmodulation.  When  the 
percentage  of  modulation  is  low,  we 
have  normal  class-C  modulated  am¬ 
plifier  performance,  with  only  tube 
1  conducting.  However,  when  over¬ 
modulation  occurs,  and  the  instan¬ 
taneous  plate  potential  of  tube  1 
becomes  negative  with  respect  to 
ground,  tube  2  comes  into  action 
and  produces  an  undistorted  side¬ 
band  output  corresponding  to  the 
negative  modulation  peaks  which 
would  otherwise  have  been  clipped 
off.  Because  there  is  no  distortion, 
no  adjacent-channel  interference  is 
generated. 

The  splatter-suppression  circuit 
can  readily  be  added  to  existing 
transmitters  provided,  of  course, 
that  sufficient  reserve  audio  power 
is  available.  It  will  be  seen  that  the 
number  and  the  cost  of  the  added 
components  is  not  very  great.  The 
only  possible  complication  is  the 
filament  supply  for  the  suppressor 
tube,  which  must  have  high-voltage 
insulation  and  a  low  capacitance  to 
ground.  However,  standard  recti¬ 
fier  filament  transformers  meeting 
these  requirements  are  not  hard  to 
find. 

The  splatter-suppression  circuit 
can  be  added  to  push-pull  class-C 
r-f  amplifiers  just  as  easily  as  it 
can  be  added  to  single-ended  ones. 
Reference  to  Fig.  3  will  make  this 
clear.  The  tube  labelled  Suppressor 
Tube  performs  the  same  functions 
as  tube  2  in  Fig.  2.  The  circuit  is  in 
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WAVE  METER 


The  power  reflections  caused  by  mismatch  at  the  junction  of  waveguide  components 
are  measured  automatically  by  a  device  which  gives  a  direct  meter  indication  of  the  standing 

wave  ratio 


minimizing  the  discontinuities  and 
thus  the  reflection;  bevelling  of  the 
dielectric  disk  further  minimizes  the 
discontinuities.  When  the  motor  ro¬ 
tates,  the  eccentric  rim  of  the  poly¬ 
styrene  disk  periodically  penetrates 
the  center  of  the  U  guide  nearly  to 
the  opposite  wall  and  is  withdrawn 
to  the  edges  of  the  slit. 

The  sketch  of  Fig.  1  shows  strips 
of  lossy  material,  such  as  conducting 
rubber,  cemented  along  the  edges  of 
the  slit  to  absorb  radiation  through 
it  and  also  small  pieces  of  lossy  mate¬ 


rial,  such  as  molded  polyiron  powder, 
wedged  into  the  ends  of  the  slit.  The 
latter  are  needed  to  absorb  slot 
waves,  spurious  standing  waves  set 
up  between  the  two  edges  of  the  slit 
as  on  a  balanced  line. 

The  main  limitation  to  the  accur¬ 
acy  of  the  meter  is  imposed  by  re¬ 
flections  from  the  point  where  the  di¬ 
electric  dips  into  the*  waveguide. 
Direct  reflection  of  oscillator  power 
at  this  point  is  observed  as  residual 
standing  wave  ratio  even  if  the  load 
is  perfectly  matched.  Furthermore, 


waves  reflected  from  an  unmatched 
load  are  reflected  forward  again  at 
this  point.  Second  reflections  at  the 
load  interfere  constructively  or  de¬ 
structively  with  the  first  ones,  de¬ 
pendent  upon  the  distance  between 
line  stretcher  and  load.  The  larger 


FIG.  4 — Tb«  •fi*ct  oi  changing  Un*  Ungth 
as  indicotsd  by  th*  signal  at  ths  prob*. 
Roundsd  peaks  occur  when  the  line 
stretcher  reTerses  its  action 

the  mismatch  at  the  line  stretcher, 
the  more  does  the  observed  standing 
wave  ratio  vary  around  the  proper 
value.  Oscillator  mismatch  that 
might  affect  the  accuracy  of  the 
measurement  is  usually  kept  low  by 
padding. 

Crystal  Detector 

The  probe  is  placed  immediately 
before  the  line  stretcher.  It  couples 
a  crystal  detector  to  the  waveguide 
with  about  15  db  attenuation,  assum¬ 
ing  a  power  level  of  about  1  milli¬ 
watt  at  this  point  of  the  guide.  The 
crystal  may  either  be  coupled  in  by 
an  E-plane  tee  with  a  slot  0.050 
inch  wide  across  the  whole  width  of 
the  0.040-inch  guide  wall,  as  shown 
in  Fig.  2A,  or  by  means  of  a  coaxial 
coupling  between  the  main  and  a 
short  auxiliary  guide  consisting  of  a 
0.020-inch  wire  probe  in  a  hole 
0.060  inch  in  diameter,  as  in  Fig. 
2B.  The  coupling  should  be  non- 
directional,  but  imperfection  in  this 


FIG.  3 — Fundamental  standing  wore  meter  circuit  diagram  (A)  and  Thyrite  bridge 
regulated  power  supply  (B)  used  to  operate  the  unit 
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The  meter  to  be  described  is  an 
automatic  standing  wave  de¬ 
tector  of  moderate  accuracy  designed 
for  quick  and  simple  operation  in 
situations  such  as  production  tests 
and  adjustments  of  microwave  equip¬ 
ment.  It  has  proved  helpful  in  a  sur¬ 
vey  of  the  effects  of  various  param¬ 
eters  on  the  matching  of  a  waveguide 
transition.  The  study  was  typical  of 
the  many  cases  where  only  the  stand¬ 
ing  wave  ratio  is  wanted,  not  the  po¬ 
sition  ef  the  maxima  and  minima.  In 
this  device  the  problem  is  simplified 
by  providing  a  constant  and  matched 
source  of  microwave  power.  It  is 
then  only  necessary  to  know  the  dif¬ 
ference  between  the  maximum  and 
minimum  amplitude,  which  is  pro¬ 
portional  to  the  amplitude  of  the  re- 
fiected  power.  If  a  mechanism  peri¬ 
odically  moves  the  position  of  the 
standing  wave  detector  probe  past 
the  position  of  the  maxima  and  min¬ 
ima  or  vice  versa,  then  a  peak-to- 
peak  voltmeter  fed  by  the  detector 
will  yield  readings  directly  propor¬ 
tional  to  reflected  voltage  Er.  With  a 
given  input  Eo,  the  meter  may  be  cali¬ 
brated  in  voltage  standing  wave 
ratio,  7i„  from  ij,  =  (E,  -f  Er)/ 

(E,  -  Er). 

Standing  wave  minima  are  spaced 
at  intervals  of  half  a  guide  wave¬ 
length  X, ;  relative  movement  of 
the  probe  and  minima  by  at  least 
X,/2  will  thus  insure  that  at  least 
one  maximum  and  one  minimum  are 
passed  by  the  probe  wherever  they 
happen  to  be  in  relation  to  the  posi¬ 
tion  of  the  probe.  To  assist  the  per¬ 
formance  of  the  peak  voltmeter  cir¬ 
cuit,  however,  it  is  preferable  to  in¬ 
crease  the  relative  movement  of  the 
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Tbia  paper  is  based  on  work  done  for  the 
Offlce  of  Scientific  Research  and  Development 
under  contract  OEMsr-262  with  the  Radiation 
Laboratory,  Massachusetts  Institute  of  Tech¬ 
nology. 


FIG.  1 — Measurement  probe  (left  of  center)  and  eccentric  dielectric  rotor  which  dips 
through  a  slot  in  the  U-shaped  wove  guide  when  driven  by  a  small  motor.  This 
insertion  of  o  dielectric  gives  the  effect  of  alternately  stretching  the  guide  to  a 
greater  length  and  returning  it  to  its  original  dimension 


probe  and  standing  waves  from  one- 
half  guide  wavelength  to  two  or 
more  guide  wavelengths. 

Transmission  Lin*  Stretehar 

To  simplify  the  design  of  the  mi¬ 
crowave  components,  the  probe  is 
mounted  in  a  fixed  position  and  its 
electrical  distance  from  the  load 
varied  by  means  of  a  periodical  line 
stretcher,  in  this  case  a  strip  of  low- 
loss  dielectric  periodically  dipped 
into  the  guide  through  a  slit  in  its 
top  wall.  Insertion  of  a  dielectric  is 
equivalent  to  an  increase  of  the  guide 
width,  thus  reducing  the  guide  wave¬ 


length  X,.  The  arrangement  used 
for  a  guide  of  0.5  x  0.25-inch  outside 
dimensions  is  sketched  in  Fig.  1;  it 
offers  a  long  taper  of  the  dielectric 
in  a  small  space.  The  guide  is  bent, 
in  the  E  plane,  to  U  shape  with  an 
outside  diameter  of  2i  inches.  A 
central  slit  0.092  inch  wide  is  cut 
along  the  curved  inside  part  of  the 
U.  Into  this  slit  dips  the  edge  of  a 
circular  polystyrene  disk,  0.075  inch 
thick,  which  is  mounted  0.10  inch 
off-center  on  the  spindle  of  a  small 
30-rps  motor  (not  shown).  The  con¬ 
figuration  of  a  U-shaped  guide  and 
circular  disk  makes  a  very  slim  taper. 


0.050  IN.  WIDE 


-H,K  '-a040  IN.  OIAM 


FIG.  2 — Probe  and  crystal  detector  for  measuring  magnitude  of  power  reflections. 
At  (A)  the  crystol  is  coupled  by  means  of  an  E-plane  tee,  whereas  at  (B)  a  coaxial 
coupling  and  wire  probe  are  employed 


January,  J947  —  ELECTRONICS 


the  load.  The  sharp  peaks  of  the 
zigzag  curve,  on  the  other  hand,  are 
unaffected  in  height  and  shape  by 
the  position  of  the  load.  The  larger 
Ai/X„  the  more  sharp  peaks  are  in¬ 
terposed  between  each  two  round 
peaks  and  the  less  will  the  response 
of  an  imperfect  peak  voltmeter  be 
affected  by  the  varying  height  of  the 
latter.  It  can  be  seen  that  deforma¬ 
tion  of  the  U-shaped  guide  or  of  the 
circumference  of  the  polystyrene  disk 
merely  affects  the  spacing  of  the 
sharp  peaks  but  does  not  affect  their 
number  or  their  height. 


FIG.  S— V<dtog«-doobl«r  r*ctlii«r  drcuits.  At  (A)  ii  shown  a  fnll'woro  doubler,  with 
a  hqU-woTO  circuit  at  (B).  Tho  circuit  at  (C)  combinos  adTontagM  oi  both  typos 


sine-shaped  curve  represents  the 
change  of  line  length  Ai/X,  as  a  func¬ 
tion  of  time  t  for  one  turn  of  the 
motor  in  1/30  second.  Since  the 
change  extends  over  two  whole  guide 
wavelengths,  the  signal  at  the  probe 
will  then  be  the  same  as  if  the  ampli¬ 
tude  had  changed  about  four  times 
as  often  back  and  forth  between  one 
minimum  and  the  next  maximum 
with  the  average  frequency  f  ap- 


respect  will  not  affect  the  result. 

The  crystal  detector  is  operated 
substantially  without  load.  It  can  be 
shown  that  under  this  condition  and 
for  the  relatively  high  power  level 
in  this  device,  it  acts  as  a  linear  de¬ 
tector. 


ReetMer  Circuit 

There  are  two  main  forms  of  the 
voltage-doubler  rectifier,  the  full- 
wave  doubler  of  Fig.  5A  and  the 
half-wave  doubler  of  Fig.  5B.  Both 
yield  the  same  output — twice  the 
peak-to-peak  voltage.  They  differ  in 
that  the  former  draws  energy  evenly 
from  both  the  positive  and  negative 
peaks  of  the  supplied  oscillations,  but 


The  amplifier  and  voltmeter  cir¬ 
cuit  are  shown  in  Fig.  3A.  All  plates 
are  fed  with  about  260  volts,  with 
very  low  ripple,  from  a  regulated 
power  supply  (Fig.  3B)  employing  a 
Thyrite  bridge;  total  current  drawn 
is  3  milliamperes,  exclusive  of  that 
for  the  microwave  oscillator.  The 
first  amplifier  stage,  a  pentode,  and 
the  second  stage,  a  triode,  provide 
about  70  db  gain  in  a  conventional 
audio-frequency  design ;  the  re¬ 
sponse  extends  low  enough  to  mini¬ 
mize  phase  distortion  at  30  cps.  The 
amplifier  feeds  into  a  voltage-dou¬ 
bler  rectifier  employing  a  double 
diode. 

The  reading  of  the  meter  is  unaf¬ 
fected  by  the  distance  of  the  load 
only  to  the  extent  that  its  rectifier 
circuit  approximates  a  perfect  peak 
rectifier,  that  is,  one  whose  output  is 
independent  of  the  shape  and  spac¬ 
ing  of  the  peaks.  In  particular,  load¬ 
ing  of  the  rectifier  is  undesirable 
since  it  affects  mainly  the  shape  of 
the  peaks.  To  minimize  this  effect, 
very  high  load  resistances  are  neces¬ 
sary  which  entail  long  time  con¬ 
stants  and  slow  meter  response  and 
whose  insulation  is  difficult.  To  ease 
these  requirements  without  sacrifice 
in  accuracy,  the  following  steps  were 
taken. 

Instead  of  the  required  minimum 
of  a  half  guide  wavelength,  the  line 
was  stretched  periodically  by  two  or 
more  guide  wavelengths.  The  effect 
is  illustrated  in  Fig.  4  where  the 
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FIG.  6 — ImproTed  amplifier  to  replace  the  single  stage  shown  in  Fig. 

impedance  output  is  obtained  with  the  cathode  follower 


proximately  equal  to  120  cps,  as  does  not  permit  of  both  single-ended 
shown  in  the  zigzag  curve  of  Fig.  4.  input  and  output  without  the  help 
Round  peaks  occur  in  the  zigzag  of  a  transformer;  the  opposite  is 
curve  whenever  the  line  stretcher  re-  true  for  the  half-wave  doubler, 
verses  its  action;  their  height  de-  The  circuit  of  Fig.  6C  was  de¬ 
pends  on  whether  this  happens  near  veloped  by  combining  most  of  the 
a  maximum  or  minimum,  or  in  be-  relevant  advantages  of  both  Fig.  5A 
tween — that  is,  on  the  position  of  and  Fig.  5B.  It  differs  from  that  of 
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FIG.  9 — Artist'a  drawing  of  cm  odiuitoble  standing  wore  ratio  load  used  in  calibrating 
tho  meter  as  shown  in  Fig.  8 


Fig.  5A  only  in  that  one  output  ter¬ 
minal  is  grounded  through  resistor 
Rt  which  is  too  large  to  affect  the 
operation  of  the  rectifier  circuit. 
The  new  circuit  has  single-ended  in¬ 
put  and  output;  it  still  yields  fully 
twice  the  peak-to-peak  voltage  for 
any  load  resistance  which  is  large 
compared  with  Ri  +  Rt.  It  provides 
approximately  even  loading  of  both 
the  positive  and  negative  peaks  as 
long  as  Rt  is  large,  and  offers  a  dis¬ 
tinct  improvement  in  the  accuracy 
of  the  standing  wave  meter.  In  the 
circuit  of  Fig.  3,  this  voltage-doub¬ 
ling  rectifier  employs  a  value  of  2 
megohms  for  iZ,. 

Two  further  refinements  tested 
and  used  in  more  elaborate  equip¬ 
ment  were  not  needed  in  the  simple 


FIG.  7 — Calibration  ol  the  meter  dial  in 
terms  oi  Toltage  standing  wore  ratio 


FIG.  8 — ^Voltage  standing  wore  ratio  ob- 
serred  on  the  meter  in  comparison  with 
measurements  by  means  of  a  standard 
bolometer.  Vertical  lines  indicate  the 
spread  of  the  readings 


unit  here  described.  The  second  am¬ 
plifier  stage  in  Fig.  3  was. replaced 
by  the  two  stages  shown  in  Fig.  6. 
Replacing  the  amplifier  triode  by  a 
pentode  increases  the  sensitivity  by 
about  20  db  without  reaching  the 
limits  of  instability  or  circuit  noise. 
In  addition,  this  amplifier  atage  was 
coupled  to  the  voltage-doubler  recti¬ 
fier  via  a  cathode-follower  stage  with 
the  low  output  impedance  of  l/Qm 
approximately  equal  to  500^  ohms  so 
that  the  deformation  of  the  voltage 
peaks  due  to  rectifier  loading  was 
further  reduced. 

The  output  of  the  voltage-doubler 
rectifier  is  of  the  order  of  100  volts 
for  full  scale,  but  is  of  such  high  im¬ 
pedance  that  direct  measurement 
with  a  d-c  voltmeter  is  undesirable. 
It  is,  therefore,  transformed  down 
to  a  more  convenient  impedance 
level  by  means  of  a  cathode-follower 
tube.  Due  to  the  degerferative  re¬ 
sistance  of  0.1  megohm  in  its  cath¬ 
ode  circuit,  the  plate  current  of  this 
triode  is  strictly  proportional  to  its 
grid  potential,  with  an  effective 
mutual  conductance  of  10  microm¬ 
hos.  A  bleeder  resistance  from 
B  -I-  to  its  cathode  holds  the  stand¬ 
ing  plate  current  to  cutoff. 

Any  meter  system  with  a  sensitiv¬ 
ity  of  1  milliampere  for  full  scale  de¬ 
flection  may  be  used.  Its  scale  is 
calibrated  according  to  the  curve*  of 
Fig.  7 ;  voltage  standing  wave  ratio 
=  (1  -H  Er)/(1  —  Er),  if  full  scale 
(100  percent)  is  to  indicate  an  infin¬ 
ite  ratio.  The  detector  characteristic, 
amplifier,  and  rectifier  may  all  be  as¬ 
sumed  as  linear. 

Comparison  With  Bolomotor 

The  calibration  thus  computed  was 
checked  for  various  loads  against  a 


standing  wave  detector  employing 
a  standard  bolometer,  with  results 
as  in  Fig.  8.  A  load  with  a  standing 
wave  ratio  adjustable  from  1.02  to 
greater  than  70  was  built,  as  shown 
in  Fig.  9,  consisting  of  a  choke-type 
metal  plunger  movable  in  a  high-loss 
waveguide,  molded  of  polyiron  pow¬ 
der.  A  slotted-section  line  stretcher 
inserted  between  this  calibrated  load 
and  the  matchmeter  was  varied  and 
the  variations  in  the  meter  readings 
noted.  Short  lines  straddling  the  ex¬ 
pected  straight  line  are  marked  in 
Fig.  8r  indicating  the  range  of  these 
variations.  The  deviations  never  ex¬ 
ceed  plus  or  minus  10  percent  of  the 
correct  standing  wave  ratio  and,  in 
most  cases,  are  much  less.  The  error 
is  typical  for  reflections  between 
line  stretcher  and  load;  it  seems  low 
considering  that  there  were  two 
choke-flange  joints  and  that  the  poly¬ 
styrene  disk  of  the  tested  instrument 
did  not  even  have  a  bevelled  edge. 

Circait  Elements  not  Critical 

The  assumption  of  a  linear  over¬ 
all  characteristic  was  thus  confirmed. 
Changes  in  gain  with  aging  have 
thus  no  influence  on  the  calibration 
provided  it  is  set  to  full  scale  for 
71,  =  00.  Adjustment  may  equally  well 
be  made  by  control  of  the  input 
power  or  by  a  voltage  divider  (not 
shown)  in  place  of  the  grid  resistor 
of  the  first  amplifier  stage. 

No  tuned  or  frequency-sensitive 
parts  are  used.  All  circuit  compo¬ 
nents  are  of  standard  type  and  toler¬ 
ance.  The  instrument  as  described 
can  easily  be  built  into  an  8-inch 
cube  using  standard  components.  No 
more  space  is  needed  even  if  the 
microwave  oscillator  is  included,  fed 
from  the  same  power  supply. 
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at  the  point  of  measurement,  so 
that  any  mutual  effects  would  be 
less  than  one  percent.  This  was  not 
a  severe  limitation. 

Since  we  had  decided  to  use  elec¬ 
trical  phase  angle  as  the  method  of 
transmitting  the  pointer  position 
from  one  location  to  another,  it 
was  necessary  to  employ  a  pickup 
having  voltage  output  which 
shifted  in  phase  as  a  function  of 
the  motion  of  the  sweep  pointer  on 
the  altimeter.  To  insure  linearity 
of  calibration  it  was  also  necessary 
that  the  phase  shift  be  linear  with 
motion  of  the  pointer,  the  two  fol¬ 
lowing  each  other  degree  for 
degree.  • 

Basie  Priacipl* 

Figure  1  is  a  drawing  of  the 
basic  position-pickup  device  which 
was  converted  for  this  use.  It  is 
a  form  of  earth-inductor  compass 
with  which  we  have  experimented 
and  consists,  as  shown,  of  an  arma¬ 
ture  mounted  on  a  piezoelectric 
crystal  of  the  type  used  in  conven¬ 
tional  phonograph  pickups. 

The  armature  is  made  of  three 
laminations  of  0.014-inch  silicon 
steel  two  inches  long  and  one  quar¬ 
ter  of  an  inch  wide.  The  lamina¬ 
tions  are  wound  with  several  turns 
of  Formex  wire.  The  function  of 
the  armature  is  to  couple  an  ex¬ 
ternal  magnetic  field  and  to  trans¬ 
mit  this  couple  to  the  piezoelectric 
crystal.  The  crystal,  which  is 
ground  to  "be  sensitive  to  torsional 
moments,  produces  a  voltage  output 
which  is  a  function  of  the  rate  of 
change  of  the  couple  between  the 
magnetic  field  of  the  armature  and 
the  earth’s  field. 

The  magnetic  field  of  the  arma¬ 
ture  lies  along  its  axis,  as  shown  by 
the  line  AB.  Line  CD  represents 
the  orientation  of  the  external  mag¬ 
netic  field.  The  couple  produced  is 
proportional  to  the  product  of  the 
strengths  of- the  external  magnetic 
field  and  of  the  magnetic  field  of  the 
armature,  and  the  sine  of  the  angle 
6  between  them.  When  the  two 
fields  are  coincident  with  each  other 
the  sine  of  0  becomes  zero  and  the 
couple  becomes  zero. 


In  the  operating  device  the  arma¬ 
ture  coil  is  excited  with  alternating 
current  so  that  the  uuuple  is  con¬ 
tinually  varying  due  to  the  reaction 
between  a  steady  external  field  and 
a  field  which  is  varying  sinusoid¬ 
ally.  This  continuously  varying 
couple  produces  an  alternating  tor¬ 
sional  moment  on  the  crystal  which 
varies  in  amplitude  as  a  function 
of  the  sine  of  6,  and  which  varies  in 
phase  depending  upon  whether  9 
lies  between  0  and  180  degrees,  or 
180  and  360  degrees.  The  phase  of 
the  couple  does  not  vary  continu¬ 
ously,  but  shifts  through  180  de¬ 
grees  as  6  goes  through  180  and  360 
degrees.  Substantial  moments  may 
be  produced  in  this  manner,  produc¬ 
ing  outputs  from  the  crystal  in  ex¬ 
cess  of  one  volt. 

The  pickup  may  be  connected  to 
any  suitable  electronic  or  magnetic 
amplifier  and  servo  and  will  then 
keep  itself  oriented  with  the  exter¬ 
nal  field.  Such  an  arrangement  is 
shown  in  Fig.  2.  While  this  would 
be  suitable  for  an  earth-inductor 
compass,  it  would  be  too  cumber¬ 
some  for  an  instrument  pickup. 

Practical  Variation 

The  variation  shown  in  Fig.  3 
was  employed  in  the  instrument  un¬ 
der  discussion.  It  may  be  seen  that 
the  armature  mounted  on  the  crys¬ 
tal  is  circular  instead  of  rectangu- 


EUctronic  potion  pickup,  showing  two- 
phaso  winding  on  a  circular  disc  mochan- 
icolly  linked  to  a  piosooloctric  crystal.  The 
disc  Is  moxinted  in  close  proximity  to  on 
instrument  pointer  equipped  with  a  small 
permonent  magnet.  There  are  no  moring 
ports 


IN  MANY  MODERN  industrial  in¬ 
strumentation  installations  it  is 
necessary  to  read  sensitive  measur¬ 
ing  instruments  at  a  substantial 
distance  from  the  point  of  measure¬ 
ment  to  enable  satisfactory  cen¬ 
tralized  control.  Reading  of*  these 
remote  instruments  requires  some 
form  of  telemetering. 

We  had  such  a  problem  some 
time  ago  when  we  were  required 
to  transmit  the  position  of  the 
sweep  hand  of  a  sensitive  aircraft 
altimeter  to  a  remote  receiving 
station.  Since  the  amount  of 
torque  which  could  be  taken  from 
the  sensitive  altimeter  hand  with¬ 
out  deflecting  it  in  excess  of  our 
tolerances  was  less  than  two  milli¬ 
gram  millimeters,  the  altimeter 
sweep  hand  could  not  be  used  di¬ 
rectly  to  operate  a  variable 
resistance. 

We  decided  to  place  a  small  mag¬ 
net  on  the  sensitive  sweep  hand 
and  then  pick  up  the  orientation  of 
the  resulting  magnetic  field  exter¬ 
nally.  This  fitted  in  well  with  the 
design  of  the  sensitive  altimeter 
since  it  is  a  sealed  instrument  and 
the  use  of  magnetic  coupling  elim¬ 
inated  the  need  for  sealing  glands. 
To  insure  freedom  from  influences 
of  the  earth’s  magnetic  field  it  was 
necessary  to  make  the  field  of  the 
pointer  magnet  at  least  one  hundred 
times  as  strong  as  the  earth’s  field 


Pickup  with  ploitie  hood,  focilitoting  mount¬ 
ing  oxer  the  glass  face  oi  on  Instrunwnt 
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A  modified  earth-inductor  compass,  comprising  a  piezoelectric  crystal  and  an  arma¬ 
ture  energized  by  a-c,  provides  an  output  voltage  that  shifts  linearly  in  phase  as  a  func¬ 
tion  of  an  instrument  pointer  on  which  a  small  permanent  magnet  has  been  mounted 
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lar,  and  wound  with  a  polyphase 
winding.  This  may  seem  to  be  a 
relatively  minor  change,  but  the  ef¬ 
fect  produces  a  pickup  much  more 
flexible  and  more  suitable  for  pur 
application,  and  for  any  application 
requiring  the  reading  of  a  very 
sensitive  measuring  instrument. 

As  in  the  previous  example,  the 
crystal  is  of  the  piezoelectric  va¬ 
riety,  and  is  sensitive  to  torsional 
moments.  The  armature  is  wound 
with  a  two-phase  winding  so  that  a 
uniform  continuously  rotating  mag¬ 
netic  field  can  be  produced.  This  ro¬ 
tating  magnetic  field  reacts  with 
any  external  magnetic  field  and 
produces  a  continuously  varying 
torsional  couple  with  this  external 
•  magnetic  field.  The  important  point 
is  that  the  phase  of  the  continu¬ 
ously  varying  torsional  couple  with 
respect  to  the  current  exciting  the 
two-phase  winding  is  a  direct  func¬ 
tion  of  the  orientation  of  the  exter¬ 
nal  magnetic  field  with  respect  to 
the  circular  armature  of  the  device 
described. 

Line  AB  represents  the  continu¬ 
ously  rotating  magnetic  field.  Line 
CD  represents  the  stationary  ex¬ 
ternal  field.  Because  the  magnetic 
•couple  between  these  two  fields  will 
'vary  as  the  sine  of  the  angle  0  be¬ 
tween  them,  it  is  apparent  that  the 
phase  of  this  couple  will  be  a  func¬ 
tion  solely  of  the  orientation  of  the 
external  magnetic  field  CD.  This 
couple  is  transferred  directly  to  the 
piezoelectric  crystal,  so  the  volt¬ 
age  output  of  the  crystal  will  faith¬ 
fully  follow  the  couple.  It  will  have 
■a  phase  relationship  to  the  current 
exciting  the  two-phase  winding  on 
the  circular  armature  which  is  a 


direct  function  of  the  orientation 
of  the  external  magnetic  field.  Thus 
any  change  of  the  orientation  of  the 
external  magnetic  field,  caused  by  a 
change  in  sweep  pointer  position  in 
the  application  under  discussion, 
will  result  in  a  change  in  phase  of 
the  output  of  the  piezoelectric  crys¬ 
tal. 

Because  the  crystal  operates  on 
force  rather  than  upon  any  measur¬ 
able  motion,  the  position  pickup  has 
no  moving  parts.  Also,  it  will  re¬ 
flect  no  load  back  upon  the  external 
field,  which  is  very  important  when 
this  field  is  produced  by  a  small  per¬ 
manent  magnet  mounted  on  the 
pointer  of  a  sensitive  instrument. 

For  a  given  external  magnetic 
field  strength  the  voltage  output  of 
the  crystal  is  constant,  and  varies 
in  phase  continuously  as  it  is  ro¬ 
tated  with  respect  to  the  external 
field.  If  it  is  connected  to  an  oscil¬ 
loscope  and  simply  rotated  in  the 
open  the  phase  of  its  output  voltage 
may  be  seen  to  continuously  change 
as  a  result  of  the  varying  couple 
with  the  earth’s  magnetic  field. 

At  the  time  this  pickup  was  built 
and  tested  experimentally  there 
were  no  high-output  crystals  which 
did  not  deteriorate  badly  at  tem¬ 
peratures  above  110  F.  This  pre¬ 
cluded  use  of  the  pickup  in  the  tele¬ 
metering  equipment  described  in 
an  earlier  article’,  but  since  then 
we  understand  that  crystals  as 
sensitive  as  Rochelle  salt  have  been 
developed  that  will  withstand  high 
temperatures  and  not  go  to  pieces. 

Reference 

(1)  Moore.  David  William,  Jr.,  Continu¬ 
ously  Variable  Radio  Remote  Control, 
ELECTRONICS,  p  112,  Nov.  1946. 


FIG.  1 — Skatch  Ulustroting  the  basic  prin¬ 
ciple  oi  operation.  Line  AB  indicates  tbe 
magnetic  field  oi  the  armature.  Line  CD 
represents  the  oiientotion  oi  on  external 
magnetic  field 
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1  two-phase  servo 
1  A-c  1  “OTOR  TO  ORIENT 

PICKUP  NORTH  AND 
SOUTH 

FIG.  2 — SchemoUc  showing  a  method  by 
which  the  simple  pickup  illustrated  in 
Fig.  1  may  be  used  in  conlunction  with  on 
amplifier  and  o  servo  motor  to  keep  itself 
oriented  with  respect  to  on  external  mog- 
netlc  field 
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FIG.  3 — Modification  of  the  basic  pickup 
design,  employing  an  a-c  energised  two- 
phase  winding  on  a  circular  armature,  os 
employed  in  the  electronic  position  pickup 
discussed  in  the  text 
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Th«M  componcnti  comprls*  th«  entir*  t«U- 
▼Ision  lound  sTstoab  axecpt  power  ompli- 
iier  tub*.  The  eystem  operotee  on  present 


FCC  block-ond'WhUe  standards 


SEVERAL  PROPOSALS  have  been 
made  in  the  past  for  the  use 
of  a  common  amplifier  channel  for 
sight  and  sound  in  a  television  re¬ 
ceiver.  Such  a  system  would  sim¬ 
plify  the  receiver,  and  render  its 
operation  free  from  the  disturbing 
effects  of  local  oscillator  hum  fre¬ 
quency-modulation  and  frequency 
drift.  Most  of  these  proposals  are 
based  on  some  form  of  multi¬ 
plex^-  •-  •  wherein  the  sound  signals 
modulate  the  picture  carrier  during 
the  horizontal  blanking  interval 
when  no  picture  information  is  be¬ 
ing  transmitted.  These  methods 
may  be  classified  as  time  division 
systems  of  transmission  of  intelli¬ 
gence,  since  the  receiver  employs  a 
time-gated  amplifier  which  opens 
only  during  that  portion  of  time 
devoted  to  the  transmission  of 
sound. 

Time  division  methods  of  sound 
transmission  are  weak  for  two 
reasons.  The  first  is  that  the 
amount  of  power  devoted  to  sound 
is  relatively  small  which  means 
that  the  signal-to-noise  ratio  will 
not  be  adequate  over  as  long  a 
range  as  if  more  average  power 
had  been  used,  and  secondly,  fail¬ 
ure  of  the  gated  amplifier  to  syn¬ 
chronize  properly  in  noisy  locations 
means  a  further  decrease  in  aver¬ 
age  signal-to-noise  ratio. 


Carrier  -  Difference 
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The  disadvantages  of  time  divi¬ 
sion  systems  may  be  overcome  by 
the  use  of  a  frequency  division 
system  with  simultaneous  trans¬ 
mission  of  picture  and  sound 
signals  exactly  as  in  the  manner 
used  today  in  black-and-white  tele¬ 
vision  in  the  frequency  bands  be¬ 
tween  44  and  216  megacycles. 
There  is  nothing  very  complicated 
about  such  transmissions.  The 
video  signal  modulates  continu-  « 
ously  one  carrier  frequency  with 
amplitude  modulation  while  the 
sound  signal  modulates  continuous¬ 
ly  another  carrier  frequency  with 
frequency  modulation.  A  conven¬ 
tional  receiver  arrangement  has 
been  commonly  used  in  the  past. 
The  local  oscillator  beats  the  two 
carrier  waves  down  to  two  inter¬ 
mediate  frequencies.  Here  the  re¬ 
ceiver  is  split  into  two  i-f  channels, 
a  wide  one  for  the  picture,  and  a 
narrow  one  for  the  sound.  Separate 
second  detectors  are  employed:  a 
simple  rectifier  for  the  picture,  and 
a  discriminator-detector  for  the 
sound. 

The  objections  to  this  type  of 
receiver  are:  (1)  Frequency  modu¬ 
lation  of  the  local  oscillator  at 
power  frequency  rates,  if  present, 
will  show  up  in  final  detection  as 
an  unwanted  component.  (2)  If  the 
local  oscillator  frequency  drifts 
excessively  with  warm-up  or  with 
changes  in  line  voltage,  the  signal 
at  the  discriminator  may  wander 
so  far  away  from  the  balance  point 
that  the  signal  may  become  noisy 
or  distorted  or  even  entirely  lost. 
(3)  The  system  is  subject  to  micro¬ 
phonics  in  that  the  movement  of 
oscillator  tube  elements  or  oscilla¬ 
tor  circuit  elements  may  produce 
frequency  modulation  which  is  de¬ 
tected  along  with  the  desired 
signals. 

Another  ts^pe  of  receiver,  which 
may  be  used  to  receive  these  simul¬ 
taneous  transmissions,  makes  use 


of  the  frequency  difference  between 
the  picture  and  sound  carriers.  The 
carrier-R-equency-difference  receiv¬ 
er  does  not  depend  on  any  precise 
local  oscillator  frequency  for  its 
successful  operation.  Instead,  the 
high  frequency  which  is  finally  to 
be  detected  is  the  difference  be¬ 
tween  the  picture  and  sound  carrier 
frequencies.  In  black-and-white 
television  in  the  channels  between 
44  and  216  me,  this  frequency  dif¬ 
ference  is  4.6  me,  as  set  by  the  FCC 
standards. 

The  receiver  is  constructed  along 
fairly  conventional  lines.  There  is 
only  one  i-f  channel.  This  is  broad 
enough  to  pass  both  picture  carrier 
and  sound  carrier  plus  the  neces¬ 
sary  sidebands  of  each  carrier.  In 
order  that  the  wave  applied  to  the 
second  detector  be  dominated  by 
the  picture  i-f  carrier  so  that  it 
can  successfully  demodulate  the 
sound  i-f  carrier,  it  will  generally 
be  necessary  to  provide  some  atten¬ 
uation  for  the  sound  i-f.  This  may 
be  done  by  means  of  absorption 
trap  circuits  coupled  to  the  i-f  coils. 
A  pair  of  such  circuits  with  the 
proper  Q’s  and  couplings  will  result 
in  an  i-f  response  characteristic 
which  is  characterized  by  a  shelf 
several  hundred  kilocycles  in  width 
with  its  center  about  the  mean 
sound  i-f.  Figure  1  shows  the  fre¬ 
quency  response  characteristic  of 
a  typical  i-f.  The  shelf  ^eight 
should  be  comparable  to  the  mini¬ 
mum  level  expected  for  the  picture 
carrier.  If,  for  example,  the  pic¬ 
ture  transmitter  does  not  modulate 
downward  to  any  point  below  16 
percent  of  the  voltage  difference 
between  peak  of  the  synchronizing 
signals  and  zero,  the  receiver  slope 
will  reduce  this  to  7.6  percent  since 
the  picture  carrier  should  be  half¬ 
way  down  the  slope,  and  hence,  if 
the  sound  carrier  amplitude  is 
equal  to  the  black  level  of  76  per¬ 
cent,  the  shelf  should  be  in  the 
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ion  of  Television  Sound 


Use  of  a  common  i-f  amplifier  for  sight  and  sound  signals,  an  important  new  develop¬ 
ment  in  television  receiver  practice,  reduces  costs,  eliminates  local  oscillator  tuning  and 

'  drift  difficulties 


order  of  7.5/76  or  one  tenth  of 
the  maximum  height  of  the  i-f 
response. 

With  this  treatment  to  the  input 
to  the  second  detector,  the  sound 
carrier  will  appear  to  the  picture 
carrier  as  just  another  sideband  so 
that  in  the  detector  output  there 
will  be  found,  in  addition  to  the 
video  frequencies,  a  4.5-mc  signal 
frequency-modulated  with  the 
sound.  The  4.5-mc  wave  will  be 
amplitude-modulated  to  some  ex¬ 
tent  by  picture  modulation,  but 
this  may  be  easily  removed  by  the 
employment  of  suitable  limiter  cir¬ 
cuits  at  a  later  point  in  the  re¬ 
ceiver.  The  amount  of  amplitude 
modulation  present  in  the  wave  de¬ 
pends  upon  the  ratio  of  the  ampli¬ 
tude  of  the  two  carriers  at  the 
second  detector  and  is  given  by  the 
following  equation  to  an  accuracy 
of  better  than  one  percent 

amE\Et  f.  3a*m*Ei*Et*  1 


i-f,  and  aE^  is  amplitude  of  sound  there  is  very  little  left  for  the 
i-f.  limiter  to  do. 

To  show  graphically  how  e  is  af-  The  whole  output  of  the  second 
fected  by  the  picture  modulation  detector  may  then  be  amplified  by 
factor  m,  let  aE,  be  assigned  a  the  usual  video  amplifier.  Thus  the 
value  of  1.0  and  mEi  assigned  a  video  and  sound  channels  are  still 
range  of  values  from  0.1  to  10.  common.  Separation  of  sound  and 
The  resulting  output  e  is  then  picture  may  be  made  at  the  conduc- 
shown  in  Figure  2.  It  will  be  ob-  tor  leading  from  the  video  ampli- 
served  that  as  mEi  decreases  from  fier  to  the  picture  tube,  as  shown 
10  to  1  the  value  of  e  decreases  in  Fig.  4.  A  transformer  has 
from  1.0  only  to  0.715.  Thus  the  its  primary  2  connected  between 
limiter  has  only  to  remove  some  the  final  video  amplifier  tube  3  and 
30  percent  total  modulation  from  the  picture  tube  4. 
the  wave  and  not  100  percent.  The  primary  circuit  2  is  tuned 

Figure  3  illustrates  this  effect  in  to  the  difference  frequency  of  4.5 
a  different  way.  At  Fig.  3A  is  me.  This  tuning  will  prevent  that 
shown  the  picture  modulated  wave  frequency  from  appearing  as  pic- 
with  a  mirdmum  modulation  of  15  ture  modulation  on  the  cathode-ray 
percent  of  the  peak  of  the  syn-  tube  screen.  At  the  same  time  it 
chronizing  pulses.  Figure  3B  shows  will  provide  a  circulating  current 
the  frequency  modulated  sound  of  considerable  strength  in  the  pri- 
carrier  having  a  level  of  7.5  percent  mary.  This  current  is  sufficient  to 
of  synchronizing  pulses.  At  Fig.  induce  a  4.5-mc  wave  in  secondary 
3C  is  shown  what  the  4.5-mc  wave  5,  which  is  tuned  to  4.5  me.  The 
looks  like  as  a  result  of  the  wave  secondary  is  connected  to  a  tube  6 
at  Fig.  3A  demodulating  the  wave  which  serves  as  a  limiter-amplifier 
where  mEi  is  amplitude  of  picture  of  Fig.  3B.  It  will  be  ndted  that  to  feed  discriminator-transformer 


FIG.  1 — Typical  i-f  pataband  for  carrier-difference  receiver. 
The  sound  carrier  at  4.5  me  is  attenuated  by  the  plateau  at 
the  ^se  of  the  curve 


FIG.  2 — Ratio  of  sight  and  sound  carriers  at  input  to  second 
detector,  as  affected  by  the  amplitudes  of  both  signals.  When 
picture  carrier  predominates,  little  limiting  is  required 
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7  and  balanced-detectors  tube  8 
and  tube  9.  These  tubes  detect  the 
frequency  modulation  present  on 
the  4.5-mc  wave  and  the  resulting 
audio  output  is  fed  to  audio  ampli¬ 
fiers  and  to  a  loudspeaker  for 
translation  into  sound.  Another 
limiter  tube  may  be  added  prior  to 
tube  6  if  cascade  limiters  are 
desired. 

Thus  a  very  simple  receiver  is 
effected  which  uses  but  few  tubes 
and'^circuit  components  for  sound 
and  which  has  important  improved 
characteristics  over  the  conven¬ 
tional  receiver.  A  nominal  amount 
of  drifting  of  the  local  oscillator 
frequency  is  of  no  consequence  be¬ 
cause  the  4.6-megacycle  frequency 
has  been  determined  by  quartz 
crystals  at  the  transmitters  and 
this  difference  frequency  is  held 
accurately  to  within  zt  5  kilocycles. 
Hum  modulation  or  microphonics 
in  the  local  oscillator  cannot  affect 
the  sound  signal  because  any 
change  in  the  sound  i-f  is  accom¬ 
panied  by  an  equal  change  in  the 
picture  i-f  so  that  the  difference 
frequency  is  undistuibed  by  any 
variation  of  local  oscillator  fre¬ 
quency. 

A  receiver  incorporating  the  cir¬ 
cuit  shown  in  Fig.  4  has  been  in 
operation  in  Bridgeport,  Connecti¬ 
cut,  some  52  airline  miles  from 
New  York  television  stations,  and 
has  proved  very  stable  and  reliable 
in  performance.  Push-button  or 
selector-switch  tuning  is  possible 
without  re-adjustment  of  the  local 
oscillator  because  of  the  wide  range 
of  permissible  variation  in  local 


oscillator  frequencies.  If  the  re¬ 
ceiver  is  provided  with  a  local  oscil¬ 
lator  tuning  adjustment,  it  can  be 
operated  by  unskilled  personnel 
with  ease  because  no  special  effort 
is  needed  to  tune  in  the  sound.  In 
actual  operation,  towards  one  end 
of  the  tuning  control  the  picture 
fades  due  to  lack  of  sufficient  pic¬ 
ture  carrier  while  at  the  other  end 
of  the  control  the  sound  fades  due 
to  lack  of  sufficient  sound  carrier. 
The  operator  thus  can  tune  for  a 
clear  picture,  a  feature  heretofore 
unavailable  in  conventional  receiv¬ 
ers  where  the  sound  channel  must 
always  be  accurately  tuned  in  and 
the  resultant  picture  must  be  ac¬ 
cepted  as  is. 

Operation  of  the  television  pic¬ 
ture  contrast  (gain)  control  does 
not  appreciably  affect  the  audio 
signal  level  because  the  limiter 
tends  to  apply  a  constant  level  to 
the  balanced  detector.  The  picture 
will  be  considered  far  too  dim  for 
use  long  before  the  sound  fades  to 
half  strength. 

This  receiver  has  performed  well 
on  two  of  the  three  New  York  sta¬ 
tions  from  the  beginning.  On  the 
third  station  the  performance  was 
at  first  poor  on  account  of  video 
modulation  being  present  along 
with  the  sound.  This  disturbance 
was  traced  to  frequency  or  phase 
modulation  of  the  picture  carrier 
by  the  video  modulating  signal. 
This  condition  has  now  been  cor¬ 
rected  to  a  great  extent  by  the 
station  so  that  acceptable  sound  is 
now  obtainable.  This  brings  out 
one  of  the  requirements  of  the 


transmitters  for  successful  appli¬ 
cation  of  this  system  to  general 
usage. 

RcqMirenMts  crt  TransnitHrs 

Any  phase  or  frequency  modula¬ 
tion  on  the  picture  carrier  in  this 
system  is  directly  transferred  to 
the  4.6-megacycle  beat  frequency 
and  ultimately  detected.  It  is 
therefore  important  to  place  a 
limit  on  the  amount  of  frequency 
modulation  permissible  on  the  pic¬ 
ture  carrier.  Since  the  peak  fre¬ 
quency  deviation  of  the  sound 
carrier  frequency  has  been  set  at 
=t25  kilocycles,  the  limit  on  the 
picture  transmitter  should  be  about 
±100  cps  maximum,  which  corres¬ 
ponds  to  a  modulation  of  ±0.4 
percent  or  48  db  below  100-percent 
modulation  on  the  sound  transmit¬ 
ter.  The  fact  that  two  out  of  the 
three  transmitters  in  New  York 
had  been  adjusted  for  practically 
no  phase  or  frequency  modulation 
even  before  the  personnel  knew 
what  use  was  being  made  of  their 
signals  indicates  that  any  trans¬ 
mitter  can  be  so  adjusted. 

Another  transmitter  require¬ 
ment  is  that  some  picture  carrier 
must  always  be  present.  This  is 
necessary  in  order  to  detect  the 
sound  carrier  continuously.  The 
present  standards  read  that  the 
transmitter  shall  be  capable  of 
modulating  down  to  16  percent  of 
peak  synchronizing  level  on  maxi¬ 
mum  white.  The  standard  may  be 
modified  to  read  “at  least  to  16 
percent  but  not  greater  than  10 
percent  for  downward  modulation”. 


FIG.  3 — Modulated  sight  carrier  (A),  sound  carrier  (B),  and  com*  FIG.  4 — Schematic  ol  the  carrier-difference  sound  system.  The 

bined  f-m  carrier  showing  slight  amplitude  modulation  (C)  f-m  sound  carrier  is  taken  directly  from  the  picture-tube  grid 
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This  change  will  provide  a  10  per¬ 
cent  safety  zone  perfectly  adequate 
for  the  system’s  operation. 

It  is  recommended  that  the  peak 
deviation  of  the  sound  transmitter 
be  increased  to  ±40  kilocycles  from 
the  present  ±25  kilocycles.  This 
will  aid  in  masking  any  inadvertent 
frequency  modulation  present  on 
the  picture  carrier. 

Signal-to-Noise  Ratio 

The  signal-to-noise  ratio  of  the 
system  described  may  be  calculated 
in  terms  of  the  conventional  system 
and  will  be  found  to  vary  depend¬ 
ing  Upon  the  average  brightness  of 
the  picture.  The  equation  is 

where  Ei  is  maximum  amplitude  of 
picture  carrier,  £7,  is  amplitude  of 
sound  carrier  and  m  is  modulation 
factor  of  picture  carrier.  Thus  for 
an  all  “white”  picture,  assuming  m 
=  0.17,  £7,  =  1  and  £7.  =  0.707, 

For  an  all  “black”  picture,  assum¬ 
ing  m  =  0.75,  then 

S  /,  ,  ro.707~|*\-i/*  ,,, 

And  for  an  average  picture  m  — 
0.49,  so 

Thus,  assuming  optimum  tuning 
of  the  conventional  receiver,  on  the 
average  the  signal-to-noise  ratio 
will  run  about  5-db  lower  than  the 
conventional  system ;  but  in  the 
long  run,  it  actually  may  run  better 
than  the  conventional  system  be¬ 
cause  drifting  of  the  local  oscillator 
may  easily  throw  the  conventional 
system  well  off  the  balance  point  on 
the  discriminator  characteristic,  so 
that  not  only  noise  but  audio  dis¬ 
tortion  may.  be  produced  in  consid¬ 
erable  amplitude  to  degrade  the 
otherwise  excellent  performance 
obtainable  with  precise  adjustment. 

Picture-Carrier  Phase  Moduiation 

Even  though  the  picture  carrier 
is  cleared  of  spurious  frequency 
modulation  at  the  transmitter,  re¬ 
ception  with  the  picture  carrier  on 
the  slope  of  the  receiver  i-f  re¬ 
sponse  characteristic  will  cause  the 
picture  carrier  to  take  on  a  modu¬ 


FIG.  5 — Symmetrical  picture  sidebands  of 
unequal  amplitude,  produced  by  slope  oi 
receiTer  bandpass  characteristic,  cause 
slight  phase  modulation,  but  the  resulting 
disturbance  is  negligible 

lation  of  its  phase  angle  as  a  result 
of  unequal  amplitudes  of  sym¬ 
metrical  sidebands. 

In  Fig.  5  is  shown  a  carrier  wave 
placed  half  way  down  the  receiver 
slope.  An  upper  and  a  lower  side¬ 
band  are  shown  for  a  picture-modu¬ 
lation  frequency  lying  in  the  audi¬ 
ble  frequency  range.  It  will  be 
noted  that  due  to  the  slope,  the 
upper  sideband  will  have  an  ampli¬ 
tude  m  and  the  lower  sideband  an 
amplitude  n.  If  the  total  frequency 
band  of  the  slope  be  denoted  by  s, 
then  it  can  be  shown  that  the  max¬ 
imum  possible  phase  angle  modula¬ 
tion  of  the  carrier  wave  (when  the 
minimum  picture  level  is  10  percent 
of  the  amplitude  at  synchronizing 
signal  peaks)  is 

1.68a  .  „  ^  -i 

1  -f-0.84  co8  2toJ 
where  a  is  the  picture  modulating 
frequency 

It  is  evident  that  as  a  approaches 
zero,  negligible  phase  angle  modu¬ 
lation  will  occur,  but  as  the  fre¬ 
quency  increases,  the  phase  angle 
modulation  may  become  significant. 
The  worst  possible  case  occurs  at 
15,000  cps.  If  therefore  a  be  as¬ 
signed  a  value  of  15,000  and  s  a 
value  of  1,500,000,  the  phase  angle 
will  oscillate  between  the  limits  of 
plus  0.032  radians,  when  2zat  = 
140  deg,  and  minus  0.032  radians 
when  2i:at  =  220  deg. 

On  the  sound  transmitter,  the 
equivalent  phase  modulation  of  25- 
kc  deviation  for  15,000-cps  modu¬ 
lation  frequency  is  25,000/15,000  or 
1.66  radians.  Therefore  the  spur¬ 
ious  signal  will  be  0.032/1.66  = 
0.0193  of  maximum  audio  output. 
But  since  75  microsecond  deem¬ 
phasis  is  used,  this  spurious  15,- 
000  output  is  multiplied  by  a  factor 


of  0-147,  and  hence  the  resultant 
audible  level  is  0.0193  x  0.147  = 
0.00275,  which  is  51  db  below  100- 
percent  modulation.  If  the  sound 
transmitter  deviation  is  increased 
from  25  kc  to  40  kc,  an  additional 
4-db  reduction  would  be  obtained, 
or  the  51-db  figure  would  become 
55  db.  In  a  similar  manner,  phase 
modulations  at  other  frequencies 
may  be  calculated  and  are  summar¬ 
ized  in  Table  I.  Since  these  levels 
are  far  below  the  usual  residual 
hum  and  noise  levels  of  even  a  good 
receiver  audio  amplifier  system,  it 
may  be  concluded  that  spurious  re¬ 
sponses  due  to  incidental  phase 
modulation  are  quite  negligible. 

Table  I — Noise  Introduced  by 
Receiver 


Picture 
Modu¬ 
lating 
Fre¬ 
quency 
in  cps 

Spurious  Responses 
Below  100  percent 
Modulation  in  db 

2.5-kc 

Deviation 

40-kc 

Deviation 

1,.">00 

76 

80 

2,500 

69 

73 

3,000 

61 

6.5 

10,000 

.55 

59 

15,000 

51 

55 

CoRClMtiOH 

The  author  recommends  that  the 
Radio  Manufacturers’  Association 
propose  to  the  Federal  Communica¬ 
tions  Commission  that  the  stand¬ 
ards  for  the  picture  transmitter  be 
modified  so  as  to  permit  the  carrier- 
frequency-difference  system  of 
sound  reception  to  be  used.  Such 
standards  would  in  no  way  make 
obsolete  present  receivers  which 
employ  two  i-f  channels  and  hence 
no  hardship  case  will  arise,  yet  it 
would  open  the  door  to  a  wider 
field  of  receiver  distribution 
through  lower  costs,  more  reliable 
performance,  simpler  operation, 
and  greater  public  satisfaction  and 
acceptance,  all  of  which  are  the  ulti¬ 
mate  aims  of  this  development. 
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Radio  Control  For 

MODEL  BATTLESHIP 


Continuous  control  of  drive  motor,  rudder,  and  guns  on  battery-powered  ten-foot  model 
of  U.S.S.  California  is  achieved  by  carrier  interruption  and  use  of  five  subcarrier  fre¬ 
quencies  in  connection  with  a  narrow-deviation  l,80(X-kc  f-m  transmitter 


A  RELATIVELY  UNUSUAL  applica-  blank  cartridges,  and  the  turret 
tion  of  electronics  is  the  radio  guns  .38  calibre  blank  cartridges, 
control  of  a  model  battleship,  in-  Power  for  the  model  is  provided  by 
corporating  the  following  features :  two  six-volt  automobile  storage 
(1)  Continuous  control  of  the  batteries  connected  in  series, 
model’s  rudder  from  a  steering 
wheel  at  the  transmitter. 

(2)  Control  of  the  model’s  drive 
providing  instantaneous  selection 
of  ft>rward,  reverse,  and  off. 

(3)  Means  to  control  the  rota¬ 
tion  of  the  forward  pair  of  turrets, 
with  instantaneous  selection  of  the 
direction  of  rotation. 

(4)  Circuits  permitting  firing  of 
four  of  the  model’s  secondary  guns, 
and  all  twelve  of  the  turret  guns. 

(5)  Means  for  simulating  ship¬ 
board  noises  on  the  model,  such  as 
the  sound  of  shipboard  call  sys¬ 
tems,  sirens,  air  raid  alarms,  and 
the  like. 

The  10-foot  model  is  propelled  at 
a  top  speed  of  approximately  five 
miles  per  hour  by  four  screws 
driven  from  a  single  twelve-volt 
motor  through  a  gear  box.  The  tur¬ 
rets  and  rudder  are  driven  by 
smaller  motors,  and  the  guns  are 
triggered  by  solenoids  acting  di¬ 
rectly  on  their  firing  pins.  The 
secondary  guns  fire  .22  calibre 


sired.  The  constants  of  the  first 
oscillator  can  be  switched  to  per¬ 
mit  it  to  generate  a  frequency  of 
either  300  or  650  cycles.  These 
subcarrier  frequencies  are  used  to 
control  the  main  drive  motors.  The 
constants  of  the  second  oscillator 
can  be  switched  to  make  the  oscilla¬ 
tor  frequency  1,390,  3,000,  or  960 
cycles.  The  1,390  and  3,000-cycle 
subcarriers  control  the  direction  of 
turret  rotation,  while  the  950-cycle 
carrier  is  used  to  control  the  ad¬ 
vance  of  an  11-position  stepping 
switch  used  to  fire  the  guns,  operate 
an  indicator  light,  and  connect  a 
loudspeaker  into  the  audio  system 
of  the  receiver  for  the  simulation 
of  shipboard  sounds. 

(3)  Momentary  interruption  of 
the  carrier  frequency  by  breaking 
the  plate  supply  of  the  oscillator. 
This  signal  is  used  to  home  the 
stepping  switch  just  mentioned. 
Breaking  of  the  carrier  also  opens 
the  power  supply  to  the  main  drive 
motor  for  the  duration  of  the  break, 
reducing  the  probability  of  run¬ 
away  should  the  transmitter  fail 
or  the  model  sail  out  of  operational 
range, 

A  microphone  may  be  switched 


CoRtrol  System 

The  control  signals  necessary  to 
operate  this  mechanism  are  trans¬ 
mitted  by  a  small,  narrow-deviation 
frequency-modulated  transmitter 
operating  on  a  carrier  frequency 
in  the  neighborhood  of  1,800  kc. 
Three  types  of  signals  are  used: 

(1)  Random  variations  of  the 
carrier  frequency  over  a  total  range 
of  approximately  10  kilocycles  by 
means  of  a  trimmer  capacitor  in 
the  oscillator  circuit.  The  capacitor 
is  geared  to  a  wheel  on  the  control 
box,  and  the  frequency  deviation 
produced  by  varying  the  capaci¬ 
tance  is  used  to  control  the  opera¬ 
tion  of  the  model’s  rudder. 

(2)  Audio-frequency  modulation 
of  the  carrier  by  a  reactance-tube 
modulator  acting  on  the  oscillator. 
The  reactance-tube  modulator  is 
driven  through  a  mixer  tube  by  a 
pair  of  audio-frequency  oscillators. 
The  oscillators  may  be  operated 
simultaneously  or  singly,  as  de¬ 


Hull  of  model,  showing  radio  remote  control  equipment.  Two  6-Tolt  storage  batteries  serre  as  primary  source  of  power,  while  a  90-ToIt 

battery  proeides  C  bias  for  the  polarity-sensitive  output  stage 
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By  G.  C.  FITZQERRELL 

Lo$  Angele$,  California 


Model  oi  U.S^.  California,  owned  by  H.  E. 
Bixby  oi  Glendale.  CoUlomia  and  equipped 
with  radio  control  by  the  author  oi  this 
paper.  Principal  dimeneions  ore:  Length 
10  ieet;  beam  20  inches  maximum;  droit 
8.25  inches;  ireeboard  5.75  inches;  weight 
loaded  is  410  lb;  top  of  emtenna  is  34.7 
inches  aboTe  water  line 


into  the  modulator  system,  thus 
permitting  the  operator  to  trans¬ 
mit  speech  and  other  sounds  to  the 
model.  When  a  loudspeaker  is 
connected  into  the  audio  system  of 
the  receiver,  the  transmitted  speech 
may  be  heard  from  the  model,  or 
the  subcarriers  may  be  heard  and 
used  in  simulation  of  shipboard 
sounds. 


Control  box.  with  transmitter  inside,  trans¬ 
mitting  antenna  at  right 


If  the  loudspeaker  is  not  con¬ 
nected  in  the  receiver  output  the 
operator  may,  as  a  stunt,  operate 
any  one  of  the  five  subcarrier-con¬ 
trolled  channels  by  whistling  the 
appropriate  frequency  into  the 
microphone.  Operation  of  a  sub¬ 
carrier-controlled  channel  by  a 
whistled  note  requires  some  prac¬ 
tice  since  both  the  amplitude  and 
frequency  of  carrier  modulation 
are  factors  in  determining  which 
operation  will  occur.  A  signal  of 
excessive  amplitude  will  spill  over 
and  operate  an  adjacent  channel, 
even  though  it  is  of  the  correct 
frequency. 

Transmitting  Elements 

The  reactance-tube  modulator 
elements  and  the  electron-coupled 
oscillator  in  the  transmitter  circuit 


are  fed  from  a  voltage-stabilized 
source  to  minimize  drift,  as  shown 
in  Fig.  1.  The  buffer  stage  and 
plate  circuit  of  the  electron-coupled 
oscillator  are  left  untuned  to  sim¬ 
plify  tuning  procedures.  The  vari¬ 
ous  audio-frequency  subcarriers 
are  supplied  by  switching  LC  com¬ 
ponents  in  the  grid  circuits  of 
simple  negative  resistance  os¬ 
cillators.  Subcarrier  mo4ulation 
amplitudes  -  are  controlled  by  po¬ 
tentiometers  in  the  oscillator  out¬ 
puts. 

An  eight-foot  aluminum  rod  may 
be  coupled  to  the  6L6  final  amplifier 
when  an  operating  range  of  more 
than  a  few  feet  is  desired.  A  load¬ 
ing  whip  and  inductance  are 
coupled  to  the  top  of  the  rod  to 
increase  its  radiating  efficiency. 

The  transmitter  as  a  whole  is 
encased  in  a  hardwood  cabinet  with 
a  six-inch  steering  wheel  brought 
out  the  front.  A  calibrated  dial 
used  to  gage  the  position  of  the 
model’s  rudder  is  visible  through  an 
opening  in  the  top  of  the  cabinet. 

On  the  cabinet  is  a  three-position 
telephone-type  toggle  switch  used 
in  lieu  of  an  engine  room  telegraph. 
In  the  FORWARD  position  the  carrier 
is  frequency-modulated  by  a  650- 
cycle  note  and  the  model’s  forward 
drive  is  actuated.  In  the  reverse 
position,  300-cycle  frequency  modu¬ 
lation  of  the  carrier  takes  place, 
and  the  model’s  propeller  drive  is 
reversed.  In  the  OFF  position,  the 
carrier  is  unmodulated  and  the 
model’s  drive  is  not  actuated. 

A  knob  on  the  cabinet  actuates 
a  three-position  switch  used  to  con¬ 
trol  rotation  of  the  model’s  pair  of 
front  turrets.  In  the  right  position 


of  the  knob  the  carrier  is  modulated 
by  a  3,000-cycle  subcarrier.  In  the 
left  position  the  carrier  is  modu¬ 
lated  by  a  1,390-cycle  subcarrier. 

When  the  knob  is  in  its  central 
position  the  turrets  are  at  rest. 
With  the  knob  in  this  center  posi¬ 
tion  the  carrier  may  be  frequency- 
modulated  by  the  950-cycle  subcar¬ 
rier  used  to  advance  the  stepping 
switch.  The  selector  is  advanced 
by  pressing  a  pushbutton  on  the 
control  box.  A  similar  button  is 
used  to  break  the  transmitter  car¬ 
rier  and  thus  to  home  the  stepping 
switch. 

Receivixg  and  S«l«cting  Elements 

The  control  and  voice  signals  are 
received  on  the  model  by  a  modified 
National  FB-7  receiver  with  a 
Foster-Seeley  discriminator  in  the 
output  of  the  i-f  amplifier,  the  cir¬ 
cuit  for  which  is  given  in  Fig.  2. 
In  the  discriminator  output  the 
three  types  of  control  signals  are 
separated  from  each  other.  The 
subcarrier  and  audio-frequency 
components  of  the  discriminator 
output  are  amplified  by  a  pair  of 
pentode  amplifiers  with  their  grids 
connected  in  parallel.  One  of  these 
tubes  has  a  dynamic  loudspeaker 
connected  in  its  plate  circuit,  and 
the  other  feeds  a  bank  of  five  tuned 
circuits,  each  circuit  tuned  to  one 
of  the  five  subcarrier  frequencies. 
Each  of  these  tuned  circuits  feeds 
a  triode  biased  beyond  cutoff,  func¬ 
tioning  as  an  overbiased  plate  de¬ 
tector.  Each  triode  has  a  sensitive 
relay  connected  in  its  output.  The 
sensitive  relays  connected  in  the 
output  of  the  300  and  650-cycle 
channels  operate  a  pair  of  mechan- 


ELECTRO  N  ICS  —  January,  1 947 


107 


one  of  the  circuits  controlled  by 
bank  B  of  the  stepping  switch  re¬ 
quires  not  only  that  the  wipers  be 
moved  to  the  appropriate  position, 
but  that  the  final  impulse  used  to 
actually  move  the  wiper  into  posi¬ 
tion  be  over  a  half-second  duration. 

For  an  example,  suppose  it  is 
desired  to  move  the  wipers  from  the 
zero  position  to  the  number  three 
position.  The  operator  sends  two 
short  impulses  and  then  maintains 
the  third  for  over  half  a  second.  In 
practice  the  last  impulse  is  main¬ 
tained  until  the  gun  fires. 


whose  contacts  break  the  main 
drive  motor  feed  for  the  duration 
of  carrier  interruption.  This  ac¬ 
tion  is  not  objectionable,  since  only 
a  momentary  break  is  needed  to 
home  the  selector.  The  circuit 
supplies  a  simple  automatic  stop  in 
the  event  of  transmitter  failure. 

Contact  10  on  bank  A  turns  on  a 
small  indicator  light  that  is  most 
used  wdth  loaded  guns.  So  long  as 
the  operator  can  see  the  small  indi¬ 
cator  lamp  at  the  masthead  burning 
he  knows  that  the  selector  is  at  the 
end  of  its  travel,  and  not  resting 
on  any  of  the  gun  circuits.  When 
the  operator  is  ready  to  fire  the 
guns  the  selector  is  homed  and  then 
advanced  at  once  to  the  gun  circuit 
to  be  fired.  When  the  circuit  oper¬ 
ates,  the  selector  is  at  once  ad¬ 
vanced  again  to  position  10  to 
jninimize  the  possibility  of  acci¬ 
dentally  firing  a  gun,  unless  the 
operator  wishes  to  fire  another  bank 
of  guns  immediately. 


ically  interlocked  relays  that  con¬ 
trol  the  main  drive  motor.  The 
mechanical  interlock  prevents  the 
short-circuit  that  would  result  if 
both  the  forward  and  reverse  re¬ 
lays  were  accidentally  turned  on  at 
the  same  time.  Similarly  the  1,390 
and  3,000-cycle  channels  operate 
through  a  pair  of  mechanically 
interlocked  relays  to  control  turret 
rotation.  Maximum  turret  excur¬ 
sion  is  controlled  by  limit  switches. 

The  sensitive  relay  in  the  output 
of  the  950-cycle  channel  is  used  to 
advance  a  stepping  switch.-  The 
stepping  switch  consists  of  a  mag¬ 
netically  operated  pawl  and  ratchet 
mechanism  which  advances  a  pair 
of  ganged  but  electrically  isolated 
wiping  contacts.  Each  contact  is 
moved  forward  by  the  ratchet 
mechanism  over  a  series  of  ten  con¬ 
tacts.  The  ratchet  stop  mechanism 
may  be  released,  when  desired,  by 
a  second  magnet,  allowing  a  spring 
to  return  the  wipers  to  a  zero  or 
hqmed  position.  In  this  case  the 
relay  controlling  the  homing  action 
is  actuated  by  interrupting  the 
carrier. 


Loudspeaker  aud  Homing  Relays 


The  loudspeaker  relay  is  oper¬ 
ated  by  the  No.  1  contact  on  bank 
B  and  is  electrically  locked  in  place 
by  a  feed  from  the  No.  1  contact 
on  bank  A.  If  the  stepping  switch 
is  in  the  homed  position  a  long 
pulse  will  move  the  wipers  to  first 
position  and  operate  the  loud¬ 
speaker  relay.  The  loudspeaker  is 
then  connected,  and  the  five  tuned 
channels  are  disconnected.  The 
loudspeaker  is  kept  on  by  the  elec¬ 
trical  lock-in,  despite  the  fact  that 
the  950-cycle  channel  which  con¬ 
trols  selector  advance  is  discon¬ 
nected  by  the  action  of  the 
loudspeaker  relay. 

With  the  loudspeaker  connected, 
the  operator  may  transmit  speech 
and  other  frequencies  simulating 
shipboard  sounds  without  tripping 
the  subcarrier-controlled  channels. 
When  the  stepping  switch  is  homed 
the  electrical  lock  feed  through  No. 
1  contact  of  bank  A  is  broken,  al¬ 
lowing  the  loudspeaker  relay  to 
return  to  normal  position.  The 
loudspeaker  is  disconnected,  and 
control  of  the  subcarrier-operated 
channels  is  restored. 

The  sensitive  relay  controlling 
the  homing  action  is  fed  from  a 
triode  that  is  normally  maintained 
beyond  cutoff  by  a  negative  poten¬ 
tial  picked  from  one  leg  of  the  dis¬ 
criminator.  When  the  carrier  is 
cut  the  negative  potential  is  re¬ 
moved  and  plate  current  flows.  The 
sensitive  relay  is  closed  by  the  plate 
current,  and  ‘its  contacts  operate 
the  solenoid  homing  the  stepping 
switch.  A  lamp  connected  to  the 
contacts  of  this  relay  indicates 
when  the  carrier  is  off.  The  con- 
c  on  w’nich  the  wipers  tacts  of  the  sensitive  relay  also 
Thus,  to  energize  any  energize  the  coil  of  the  powder  relay 


Ruddar  Control 


The  rudder  control  circuit  differs 
fundamentally  from  the  other  con¬ 
trols  in  that  it  permits  precise 
positioning  of  a  remote  unit  by  the 
control  operator.  This  precise  posi¬ 
tioning  is  accomplished  by  devi¬ 
ating  the  mean  carrier  frequency 
of  the  transmitter  and  incorporat¬ 
ing  a  motor-driven  frequency 
control  unit  in  the  receiver,  which 
automatically  tunes  the  receiver  to 
each  new  frequency  selected  by  the 
operator  of  the  transmitter.  The 
same  motor  that  retunes  the  re¬ 
ceiver  also  drives  the  rudder. 
Therefore,  within  limitations  im¬ 
posed  by  the  sensitivity  of  the 
equipment,  there  is  a  discrete  rud¬ 
der  position  for  each  carrier  fre¬ 
quency  selected. 

The  d-c  component  of  the  dis¬ 
criminator  output  provides  the  cues 
for  the  operation  of  the  automatic 
frequency  control  unit.  If  the  re¬ 
ceiver  is  tuned  precisely  to  the 
frequency  emitted  by  the  transmit¬ 
ter,  the  average  output  of  the  dis¬ 
criminator  is  zero.  If  the  receiver 
is  tuned  to  a  higher  frequency  than 
the  transmitter,  then  the  average 
output  of  the  discriminator  is  neg¬ 
ative,  and  if  the  receiver  is  tuned 
to  a  lower  frequency  than  the 
transmitter  the  average  discrim¬ 
inator  output  will  be  positive. 
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FIG.  1 — Circuit  of  norrow-deTiation  i-m  tronsmitter  used  in  control  box  on  ihore 


This  d-c  component  of  the 
discriminator  output  is  separated 
from  the  subcarriers  by  a  low-pass 
filter,  and  is  then  injected  into  a 
polarity-sensitive  amplifying  sys¬ 
tem  with  a  pair  of  sensitive  relays 
in  its  output.  One  of  these  sensi¬ 
tive  relays  is  tripped  when  a  posi¬ 
tive  potential  is  applied  by  the 
discriminator,  and  the  other  is 
tripped  by  a  negative  potential. 

The  sensitive  relay  operated  by 
a  negative  potential  operates  a 
power  relay  that  causes  the  steer¬ 
ing  motor  to  rotate  in  such  a  direc¬ 
tion  as  to  increase  the  capacitances 
in  the  receiving  circuits.  This  ac¬ 
tion  steadily  reduces  the  frequency 
to  which  the  receiver  is  tuned,  until 
the  receiver  is  once  more  in  align¬ 
ment  with  the  transmitter  (until 
the  discriminator  output  falls  to 
zero).  This  rotation  also  turns 
the  rudder  to  port.  The  sensitive 
relay  controlled  by  positive  poten¬ 
tials  from  the  discriminator  causes 
motor  rotatiop  which  decreases  the 
capacitances  in  the  receiver  circuits 
and  conversely  causes  the  rudder 
to  turn  to  starboard.  Thus  the 
transmitted  frequency  controls  the 
position  of  the  rudder  and  the  fre¬ 
quency  to  which  the  receiver  is 
tuned. 

Electrodynamic  braking  is  used 
to  prevent  overtravel  of  the  steer¬ 
ing  motor  and  to  minimize  the 
possibility  of  hunting. 

Sensitivities  are  so  adjusted  that 


a  minimum  change  of  approxi¬ 
mately  300  cycles  is  needed  to  pro¬ 
duce  a  change  in  rudder  position. 
This  300-cycle  dead  zone  is  ade¬ 
quate  for  the  electrodynamically 
braked  motor  to  stop,  mak^s  it  un¬ 
necessary  to  resort  to  more  elab¬ 
orate  antihunt  arrangements,  and 
provides  about  thirty  discrete  rud¬ 
der  positions.  By  consulting  a 
calibrated  dial  the  remote  operator 
can  position  the  rudder  within  a 
few  degrees.  This  is  a  far  more 
accurate  control  than  is  usable  in 
steering  the  model,  since  in  general 
the  operator  notes  only  relatively 
large  deviations  from  course,  and 
consequently  must  use  large  rud¬ 
der  corrections  to  set  the  model 
once  more  in  the  desired  direction. 

Operation  of  Rudder 

When  the  rudder  is  in  the  center 
position  a  pilot  lamp  blinks  out  on 
the  model.  This  out  indication  of 
the  lamp  may  be  used  by  the  opera¬ 
tor  to  check  and  correct  oscillator 
drifts.  The  steering  wheel  is  set 
to  the  zero  or  center  position  by 
consulting  the  calibrated  dial  at 
the  transmitter.  If  the  indicator 
lamp  does  not  blink  out,  the  trans¬ 
mitter  frequency  is  shifted  slightly 
with  the  zero  trim  until  the  indi¬ 
cator  lamp  blinks  out.  The  zero 
trim  consists  of  a  trimmer  capaci¬ 
tor  in  parallel  with  the  steering 
variable  capacitance  and  the  main 
tank  capacitor.  It  will  be  found 


in  practice  that  drifts  are  negligi¬ 
ble  if  the  initial  alignments  between 
wheel  and  rudder  are  made  after 
a  ten-minute  warmup  period. 

It  should  be  noted  that  the 
heater  of  the  receiver  oscillator 
tube  is  connected  in  series  with  a 
similar  tube  used  as  a  ballast  re¬ 
sistor.  .  This  was  done  because 
there  was  no  six-volt  equivalent  of 
the  2.5-volt  tube  used  in  the  original 
receiver.  In  addition  this  arrange¬ 
ment  permits  running  the  heaters 
at  a  slight  overvoltage,  effectively 
saturating  filament  emission  and 
minimizing  the  effects  of  falling 
battery  voltage.  Use  of  an  addi¬ 
tional  tube  rather  than  a  series 
resistor  greatly  reduces  the  period 
the  oscillator  has  to  be  warmed  up 
for  reasonable  stability.  The  oscil¬ 
lator  plate  supply  was  stabilized  by 
a  VR150  to  minimize  the  effects  of 
falling  battery  voltage  and  variable 
dynamotor  loading. 

Polarity-Selective  Amplifier 

The  polarity-selective  amplifier 
circuit  mentioned  in  connection 
with  the  rudder  system  merits  some 
special  consideration.  Basically  it 
consists  of  a  special  balanced 
modulator  input,  single-stage  am¬ 
plifier,  and  double  polarity-sensi¬ 
tive  output  stage,  the  whole  so  ad¬ 
justed  that  plate  current  flows  in 
one  output  tube  when  a  positive 
signal  is  applied  to  the  input  grid, 
and  in  the  other  output  tube  when 
• 
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a  negative  signal  is  applied  to  the 
input  grid. 

The  balanced  modulator  converts 
the  d-c  input  signals  into  a  propor¬ 
tionate  a-c  signal  that  is  more 
conveniently  amplified  and,  in  addi¬ 
tion,  indicates  the  polarity  of  the 
input  signal  by  the  phase  of  the 
a-c  output.  The  balanced  modulator 
as  used  differs  from  the  conven¬ 
tional  balanced  modulator  circuit 
in  that  an  input  signal  is  injected 
into  only  one  of  the  input  grids,  and 
only  alternating  current  is  applied 
to  the  modulator  plate  circuit. 
Alternating  current  alone  is  used 
in  the  plate  circuit  to  reduce  the 
number  of  components  necessary 
in  the  modulator  stage. 

The  grid  not  used  for  signal 
injection  serves  to  balance  the 
modulator.  The  modulator  is  bal¬ 
anced  with  zero  input.  The  poten¬ 
tiometer  connected  to  the  balancing 
grid  is  adjusted  to  the  point  pro¬ 
ducing  minimum  modulator  output. 
If  the  point  of  minimum  output  lies 
at  either  extreme  of  the  potentio¬ 


meter,  the  modulator  tubes  are 
reversed  in  their  sockets  and  the 
potentiometer  is  again  adjusted  for 
minimum  output.  With  the  modu¬ 
lator  thus  properly  adjusted,  a  posi¬ 
tive  input  to  the  modulator  grid 
will  cause  an  output  signal  of  one 
phase,  and  a  negative  input  will 
cause  an  output  signal  differing  in 
phase  by  180  degrees. 

The  modulator  output  is  ampli¬ 
fied  by  the  second  stage  and  is  fed 
through  the  pushpull  grid  trans¬ 
former  into  the  phase-sensitive  out¬ 
put  stage.  The  two  tubes  of  the 
output  stage  are  biased  to  cutoff 
by  a  negative  grid  supply.  The 
plate  circuit  is  supplied  with  alter¬ 
nating  current  from  the  same 
small  inverter  that  supplies  the 
plate  potential  for  the  balanced 
modulator.  Normally,  then,  neither 
of  the  output  tubes  will  draw  cur¬ 
rent.  When  alternating  current 
appears  in  the  grid  circuit  of  the 
output  stage,  the  tube  whose  grid 
is  going  positive  during  the  posi¬ 
tive  pulse  of  the  inverter  will  draw 


current.  The  output  grid  that  is 
going  positive  during  the  positive 
inverter  pulse  will,  of  course,  de¬ 
pend  upon  the  polarity  of-  the  bal¬ 
anced  modulator  input.  Thus  a 
positive  input  causes  one  output 
relay  to  operate,  and  a  negative 
input  causes  the  other  output  relay 
to  operate.  — — 

The  small  capacitances  connected 
across  the  modulator  plate  trans¬ 
former  and  across  the  grid  trans¬ 
former  of  the  last  stage  serve  two 
functions.  They  bring  the  normal 
peak  of  the  transformer  nearer  to 
the  50-cycle  frequency  at  which  the 
inverter  operates,  thereby  increas¬ 
ing  the  effective  gain  of  the  ampli¬ 
fier  and  causing  it  to  discriminate 
against  random  noise  created  by 
the  inverter  brushes.  More  im¬ 
portant,  the  capacitances  are 
trimmed  so  as  to  compensate  for 
*  phase  shifts  that  would  otherwise 
occur  in  the  amplifier,  thus  making 
the  signals  at  the  grids  of  the  out¬ 
put  stage  either  in  phase  or  180 
degrees  out  of  phase  with  the  po- 


0001 


FIG.  2  R*c«iT«r  and  control  circriits  used  in  model.  All  gun-liring  circuits  are  identical  to  that  shown  at  left  of  selector  switch.  The 
elaborote  series  of  monuol  switches  proTided  in  the  boat  to  check  operation  and  make  adjustments  has  been  omitted  for  simplicity 


no 
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tential  applied  to  the  plates  of  the 
output  tubes. 

The  electronic  components  in  the 
model  are  grouped  into  two  units. 
The  receiver  chassis  contains  the 
tuner,  subcarrier  channels,  and  the 
carrier-controlled  channel  used  to 
home  the  stepping  switch.  A  sep¬ 
arate  chassis  contains  the  polarity- 
sensitive  amplifier,  inverter,  and 
two  dynamotors  used  to  supply  the 
receiver  and  amplifiers.  On  the 
same  chassis  are  the  pentode  that 
feeds  the  loudspeaker  and  the 
voltage-regulating  tube  used  to 
stabilize  the  oscillator  plate  voltage. 
The  sensitive  relays  and  the  power 
relays' are  mounted  on  two  separate 
panels. 

The  tuning  mechanism  of  the  re¬ 
ceiver  is  coupled  to  the  rudder  drive 
mechanism  by  a  shaft  and  a  pair  of 
gears. 

The  antenna  used  on  the  model 
consists  of  a  single  wire  led  from 
the  stern  forward  over  the  tops  of 
the  two  masts  and  down  into  the 
bow  through  an  insulator.  A  load¬ 


ing  coil  and  trimming  capacitor 
located  at  this  point  are  used  to 
resonate  the  antenna  to  the  mean 
transmitter  frequency.  Coupling  is 
made  from  this  loading  coil  into  a 
two-turn  link  which  feeds  a  twisted¬ 
pair  -shielded  transmission  line 
leading  to  the  receiver,  where 
coupling  is  made  by  means  of  a  sim¬ 
ilar  link  into  the  grid  coil  of  the 
first  detector.  The  mast  tops  are 
bakelite  rods  which  serve  as  insu¬ 
lators. 

Instaliafion  and  Operation 

The  power  supply  of  the  model 
consists  of  two  six-volt  automobile 
storage  batteries  connected  in 
series,  with  most  of  the  six-volt 
elements  in  the  load  distributed 
equally  between  them.  A  few  six- 
volt  relays  are  run  in  series  with  a 
resistor  from*  the  twelve-volt 
source,  so  as  to  permit  a  slightly 
higher  operating  voltage.  This 
expediency  provides  positive  relay 
operation  even  when  the  battery 
potentials  have  fallen. 


Switches  have  been  provided  for 
manual  operation  of  the  controlled 
circuits.  These  are  used  for  check¬ 
out  prior  to  radio  operation. 

For  operation,  the  transmitter 
and  receiver  are  turned  on  and 
allowed  to  warm  up  for  ten  minutes. 
During  this  period  the  relay  cir¬ 
cuits  are  generally  checked  for 
operation  with  the  manual  controls 
mentioned  above,  after  which  the 
rudder  and  steering  wheel  are 
brought  into  alignment  by  adjust¬ 
ing  the  zero  trim.  Control  from 
then  on  consists  simply  of  turning 
the  wheel  and  manipulating  the 
two  switches  and  pushbuttons  used 
to  key  five  subcarriers  and  break 
the  main  carrier.  The  system  is 
rapid  and  simple  in  operation. 

Special  thanks  are  due  to  George 
Smithson  and  to  Norma  Carr  for 
their  assistance  in  the  completion 
of  the  model  and  preparation  of 
diagrams.  This  article  was  written 
with  the  permission  and  help  of  the 
owner  of  the  model,  Mr.  H.  E. 
Bixby. 


Plate  lupply  Toltages  are  obtained  from  two  6-ToIt  dynamotors,  not  shown,  each  deliTering  250  ▼olts  at  50  ma  d-c.  while  an  inverter 
delivering  250  volts  at  50  cycles  serves  the  phase-sensitive  rudder  amplifier  circuits 
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Three-Band 

VARIABLE 


Versatile  pre-equalizer  provides  gain  or  attenuation  adjustment  in  one-db  steps  independ¬ 
ently  in  the  low-,  high-,  or  mid-frequency  bands  of  the  audio  spectrum.  Applications  include 
recording,  rerecording,  sound  system  compensation,  and  broadcast  station  equipment 


The  variety  of  corrective  net¬ 
works  used  in  audio  equipment 
is  due  to  the  great  number  and  extent 
of  required  corrections  and  to  the 
difficulty  of  adequately  and  rapidly 
analyzing  undesirable  features  in  the 
signal  being  transmitted,  recorded, 
or  reproduced.  In  designing  a  single 
equalizer  of  sufficient  flexibility  to 
meet  the  diverse  requirements  usual¬ 
ly  encountered,  one  must  decide  what 
frequency  characteristics  are  to  be 
used,  particularly  if  the  total  number 
of  units  is  to  be  minimized. 

The  material  which  follows  de¬ 
scribes  a  suitable  equalizer  system 
which  has  been  found  easier  to  use 
and  more  effective  for  the  purpose 
intended  than  any  of  the  many  types 
previously  employed  by  the  writer. 
In  addition  to  this  description,  brief 
design  information  is  given  so  that 
others  may  modify  the  circuits  shown 
to  suit  particular  conditions. 

Characteristics 

Experience  with  sound  systems  and 
in  recording  indicates  that  the  ma¬ 
jority  of  desired  corrections  exist  in 
either  or  both  the  low  or  high  ends 
of  the  frequency  range.  Intelligibility 
must  be  maintained  at  all  times  and, 
since  this  is  most  easily  accomplished 
by  emphasizing  the  mid-spectrum 
frequencies,  a  means  must  be  pro¬ 
vided  to  perform  this  function.  Con¬ 
versely,  suppression  of  the  mid-band 
can  frequently  be  used  to  make 
harshness  more  tolerable,  provided 
intelligibility  is  not  degraded. 


By  L.  D.  GRIGNON 

Development  Engineer 
Twentieth  Century-Fox  Film  Corp. 

Beverly  ‘IlilU,  California 

An  important  operating  feature, 
too  frequently  excluded  from  correc¬ 
tive  network  design,  provides  that 
the  1000-cycle  insertion  loss  shall  not 
change  appreciably  as  changes  in  the 
response  characteristic  are  intro¬ 
duced.  A  few  moments  of  operation 
with  a  network  having  this  feature 


are  sufficient  to  prove  the  point. 
Further,  if  the  network  is  arranged 
so  as  to  be  inserted  in  various  cir¬ 
cuits,  it  must  introduce  no  insertion 
gain  or  loss. 

Accepting  the  above  fundamentals, 
the  unit  was  designed  so  that  low- 
and  high-end  emphasis  or  suppres¬ 
sion  are  in  discrete  steps  achieved  by 
a  shelf  effect  arranged  to  shift  the 
frequency  of  one-half  loss  or  gain 
further  toward  the  extremes  of  the 
signal  band  or  nearer  the  mid-fre- 
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FIG.  1 — Representative  frequency  characteriatics  obtainable  with  the  three-band  variable 
equalizer.  Combining  three  curves,  one  from  each  group,  gives  the  over-all  response 
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EQUALIZER 


Front,  rear,  and  bottom  riews  oi  two-stage 
omplUier  (left)  and  control  unit  (right)  ol 
equaliser  system.  Values  ol  control  capaci¬ 
tors  are  changed  in  pairs  by  the  selector 
switches  on  each  side  oi  the  gcmged 
attenuator  lor  the  mid-lrequency  band 


bands  is  introduced  by  rotating  a 
control  in  a  counter-clockwise  direc¬ 
tion  from  a  normal  setting  and  em¬ 
phasis  is  applied  by  rotating  the  same 
control  from  the  normal  setting  in  a 
clockwise  direction.  In  either  case, 
suppression  or  emphasis  is  made  pro¬ 
gressively  greater  as  the  control  is 
manipulated  further  from  normal. 
As  suppression  or  emphasis  is  intro¬ 
duced  into  any  of  the  three  frequency 
bands,  the  insertion  loss  at  1,000  cps 
does  not  vary  more  than  1  db. 

Dial  stops,  which  are  readily  ad¬ 
justable,  are  provided  on  each  control 
to  permit  pre-setting  or  to  provide 
limits. 

The  system  may  be  inserted  into  a 
circuit  without  affecting  normal 
transmission,  manipulations  or  usage 
and,  as  previously  specified,  volume 
corrections  need  not  be  made  simul¬ 
taneously  with  equalization,  although 
under  some  circumstances,  particu¬ 
larly  when  low-end  corrections  are 
applied,  there  will  be  an  apparent 
level  change. 

Mid-Frequency  Section 

Two  constant-impedance  networks 
are  used  for  mid-frequency  control. 
One  is  a  suppression  network  of  the 
required  shape  and  fixed  in  amount 
at  the  desired  maximum;  the  second 
is  an  emphasis  network  connected  in 
series  and  variable  in  equalization  by 
an  amount  equal  to  the  sum  of  the 
maximum  amounts  of  desired  sup¬ 
pression  and  emphasis.  At  an  inter¬ 
mediate  point  in  the  setting  of  the 


Mid-frequency  correction  is  a 
maximum  at  2,750  cps  and  is  variable 
in  steps  of  i  db  up  to  a  total  of  5  db 
suppression  or  emphasis.  Frequency 
characteristics  obtainable  by  the  net¬ 
works  are  shown  in  Fig.  1.  Any  com¬ 
bination  of  low-,  mid-,  and  high-fre¬ 
quency  responses  can  be  obtained. 
Insertion  loss  of  the  system  of  net- 
w’orks  can  be  made  zero  by  a  suitable 
choice  of  fixed  attenuators. 

Suppression  at  any  of  the  three 


quencies,  thereby  affecting  the  nor¬ 
mal  circuit  characteristics  only  to 
the  extent  required  by  the  necessary 
correction.  (This  differs  from  the 
usual  manner  in  which  only  the  slopes 
of  the  characteristic  are  changed,  the 
hinge  frequency  remaining  fixed.) 
Maximum  suppression  is  4  to  6  db, 
maximum  emphasis  is  8  to  10  db,  and 
the  change  between  steps  is  approxi¬ 
mately  1  db,  measured  at  100  cps  and 
7,000  cps. 
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ance  of  the  path  about  twice  the 
nominal  plate  impedance  of  the  out¬ 
put  tube.  At  first  thought,  such  a  re¬ 
latively  low-impedance  path  may 
seem  unduly  small,  but  in  use  the 
effective  plate  impedance  is  consid¬ 
erably  lowered  by  the  feedback  factor 
and  by  the  fact  that  as  the  path  im- 
pedahce  is  lowered  to  achieve  equal¬ 
ization,  plate  impedance  is  likewise 
lowered.  Obviously,  there  must  be  a 
limit  and  R,  serves  the  purpose. 

Because  of  the  foregoing  facts, 
large  values  of  A  (Eq.  1)  are  used, 
amounting  to  a  voltage  gain  of  360 
(measured  without  bypass  on  JR,)  ex¬ 
clusive  of  input  and  output  trans¬ 
formers.  With  the  particular  coils 
used,  the  over-all  gain  is  60  db,  which 
is  then  reduced  by  the  no-equaliza¬ 
tion  feedback  to  30  db.  The  greatest 
change  in  net  gain  is  then  from  24  db 
to  40  db,  leaving  10  db  minimum 
feedback  to  insure  stability  and  main¬ 
tenance  of  characteristics. 

CircHit  Details 

Theoretically,  a  two-stage  amplifier 
with  only  resistive  feedback  cannot 
oscillate  even  though  very  large 
values  of  KA  are  used.  In  practice. 
Low-  aad  High-Frequency  Section  this  is  modified  by  phase  shifts 

Low-  and  high-end  suppression  or  ‘he  ainpli«er  due  to  coupling, 

emphasis  can  be  controlled  by  eapaci-  *tray  impedances  so  that 

,  .  .  u-  4.-  1.  care  must  be  exercised  m  design  to 

tor-resistor  combinations  such  as  are  ...  a  a.  ^ 

,  .  „•  o  TTr-i.1.  -4.  VI  minimize  such  effects.  A  satisfactory 

shown  in  Fig.  3.  With  a  suitable  ...  ,  ..  ,  . 

,  .  .  7  ,  . .  solution,  when  reactive  elements  are 

choice  of  resistors,  capacitors,  over-  .  ,  ,  j  .  ^.v  jv  i  i.v 

,,  .  . .  v  4.  4-  jv  1  .4  4.  j  included  in  the  feedback  path  as  in 

all  gain  without  feedback,  and  feed-  ...  4.-  14.  v  4.v 

,  7  4.  4.  4.V  -4:  j  4*  this  application,  results  when  the 

back  factor  the  specified  frequency  ,-4.  •  41  4.  •  4*  v 

,  4.  •  4..  V  V4.  •  j  v  •  amplifier  is  flat  in  frequency  charac- 

characteristics  can  be  obtained  by  in-  ,  .4.V  4.  j  v  4:  oa  4. 

,  .  „  ^  „  teristic  within  two  db  from  20  to 

creasing  or  decreasing  C,  C.  C.  or  ^  j 

Ct  in  discrete  steps,  as  follows: 

^  in  gam. 

Low-end  suppression:  Decrease  C,  The  approach  to  the  design  of  a 

Low-end  emphasis:  Decrease  C,  corrective  amplifier  such  as  shown  in 
High-end  suppression :  Increase  C,  3  naturally  depends  upon  how 

High-end  emphasis:  Increase  C,  ^  .  v 

many  types  of  correction  are  to  be 

Capacitors  Ct  and  C»  are  connected  supplied  and  the  order  of  magnitude, 
into  the  circuit  with  a  single  switch  The  design  approach  for  the  unit 
which  is  arranged  to  maintain  C,  con-  being  described  will  be  used  as  an 
stant  while  C,  is  being  decreased  to  example. 

produce  low-end  emphasis  and,  con-  First,  determine  the  slopes  of  the 
versely,  C,  is  held  constant  as  C,  is  gain  changes  to  be  obtained,  keeping 
decreased  to  give  low-end  suppres-  in  mind  that  simple  resistor-capaci- 
sion.  Capacitors  C,  and  C*  are  tor  networks  have  a  maximum  re¬ 
switched  in  the  same  manner  except  actance  change  of  2  to  1  for  a  cor- 
that  either  is  held  at  the  minimum  responding  frequency  change  and 
value  while  the  other  is  increased,  in  may  be  limited  to  less  than  this  ratio 
steps,  to  obtain  high-end  emphasis  or  by  choice  of  configuration.  Assuming 
suppression.  a  given  tube  complement,  the  cathode 

So  that  the  feedback  path  does  not  resistor  of  Vi  is  determined  within 
adversely  shunt  the  plate-cathode  certain  limits  and  the  minimum  feed- 
branch  of  the  output  tube,  it  is  de-  back  impedance  can  be  determined, 
sirable  to  keep  the  minimum  imped-  since  the  difference  in  gain  estab- 


EMPHASIS  NETWORK 
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SUPPRESSION 
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(FIXED) 


FIG.  2 — Mid-irequency  oqualizor  notwork 


variable  attenuator  the  frequency 
characteristics  of  the  two  networks 
are  inverse  and  the  net  applied  fre¬ 
quency  correction  is  zero.^ 

To  maintain  constant  insertion  loss 
at  all  correction  settings,  a  second 
variable  attenuator  having  a  10-db 
maximum  is  mounted  on  the  same 
shaft  with  the  correction  network 
attei\uator,  connected  in  series  with 
the  other  two  networks,  and  mechani¬ 
cally  arranged  to  maintain  the  total 
attenuator  loss  at  10  db.  The  circuit 
as  described  above  is  shown  in  Fig.  2. 

Foodboek 

Having  introduced  a  loss  of  10  db 
by  the  introduction  of  the  mid-fre¬ 
quency  networks,  it  is  necessary  to 
use  at  least  10  db  of  gain  to  maintain 
zero  insertion  loss.  By  providing 
amplification  of  greater  than  10  db, 
low-  and  high-frequency  correction 
can  be  realized  by  negative  feed¬ 
back.  ••  • 

The  fundamental  equation  pertain¬ 
ing  to  negative  feedback  is 

Net  gain  =  A/(l  —  KA)  (1) 

where  A  is  voltage  amplification 
without  feedback  and  K  is  the  ratio 
of  input  feedback  voltage  to  the  out¬ 
put  voltage.  Examination  of  this 
equation  discloses  that  a  two-fold 
change  in  K  will  nearly  provide  6  db 
change  in  gain,  provided  that  the 
product  KA  is  sufficiently  large.  Fur¬ 
ther,  by  selecting  the  proper  value 
for  KA,  the  slope  of  the  gain  change 
can  be  adjusted  to  a  maximum  of  ap¬ 
proximately  6  db  per  octave  when 
simple  reactive  combinations  are 
used.  However,  when  K  varies  with 
frequency  because  of  reactive  ele¬ 
ments  in  the  circuit,  the  phase  angle 
around  the  feedback  loop  must  be 


considered  when  computing  resulting 
frequency  characteristic  changes. 

Figure  3  depicts  a  two-stage  ampli¬ 
fier  with  parallel  feedback  from  the 
second  plate  circuit  to  the  input 
cathode  resistor.  Feedback  factor  is 
determined  by  the  ratio  of  Z,  to 
-f  Zt.  If  either  Zj  or  Z„  or  both,  are 
made  a  function  of  frequency,  as  they 
are  in  Fig.  3,  the  frequency  charac¬ 
teristic  of  the  amplifier  will  vary  ac¬ 
cordingly. 
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lishes  the  maximum  sum  of  desired 
suppression  and  emphasis. 

From  all  of  these  facts  the  product 
of  KA  and  of  each  factor  can  be  es¬ 
tablished.  Obviously,  there  is  more 
than  one  combination  which  will  sati- 
isfy  the  conditions.  Determination  of 
the  values  of  the  capacitor-resistor 
networks  can  most  easily  be  made  by 
recourse  to  the  charts  of  Di  Toro.* 
Some  trial  values  and  compufations 
are  indicated.  Note  that  the  zero- 
equalization  conditions  are  deter¬ 
mined  principally  by  R„  R„  R^,  R^  R^, 
and  i2,  in  Fig.  3  since  both  C,  and  C, 
are  made  large  for  this  condition  and 
C,  and  C*  are  made  very  small. 

Once' the  approximate  components 
are  determined,  the  remainder  of  the 
work  is  best  done  experimentally. 

Nominally,  the  blocking  capacitor 
in  the  feedback  path  is  made  rela¬ 
tively  large  in  order  that  appreciable 
changes  in  feedback  phase  angle,  or 
reduction  of  the  feedback  factor, 
occur  at  very  low  frequencies  where 
the  amplifier  gain  is  low  and  the 
stability  requirements  established  by 
Black*  and  Bode*  are  met.  The  use  of 
networks  as  described  permits  an  ap¬ 
preciable  reduction  in  the  capaci¬ 
tances  of  the  coupling  capacitor  and 
C,  due  to  the  reverse  effects  of  Ci 
which  is  made  smaller  than  might  be 
expected  to  accomplish  the  desired 
result.  Proper  proportioning  of  the 
capacitors  maintains  the  feedback 
factor  nearly  constant  over  the  useful 
frequency  range  when  set  for  zero 
correction. 

As  previously  mentioned,  the  am¬ 
plifier  at  zero  equalization  gives  a 
gain  of  30  db  which  must  be  reduced 
to  zero  by  attenuators.  The  system 
of  networks  is  assembled  as  in  Fig.  4 
with  these  attenuators,  three  fixed 
and  one  variable  (in  the  mid-frequ¬ 
ency  section),  located  so  as  to  make 


the  input  and  output  essentially  re¬ 
sistive. 

Because  the  feedback  network  is 
not  of  abnormally  high  impedance  the 
network  controls  can  be  placed  in  a 
separate  unit  which  contains  the  two 
capacitor  accumulator  switches,  the 
mid-frequency  network  attenuator 
with  the  compensating  ganged  at¬ 
tenuator,  and  the  feedback  network 
capacitors. 

Due  to  the  potential  differences 
which  gather  on  the  switch  contacts, 
there  will  be  some  noise  unless  these 
potentials  are  reduced  by  connecting 
resistors  Ijetween  adjacent  switch 
contacts.  These  bleeder  resistors  can 
be  made  sufficiently  low  to  reduce 
noise  without  seriously  affecting  the 
frequency  characteristic.  A  further 
aid  in  maintaining  low  noise  from 
the  switches  is  the  small  difference  in 
attenuation  between  steps. 

The  mid-frequency  variable  net¬ 
work  has  the  usual  characteristic  of 
varying  the  frequency  at  which  one- 
half  attenuator  loss  occurs.  As  a  re¬ 
sult,  the  emphasis  characteristic  does 


FIG.  3 — Method  of  connecting  resistors  and 
capacitors  in  feedback  path  of  two-stage 
amplifier  proTiding  low-frequency  and 
high-frequency  suppression  or  emphasis 


not  have  the  same  shape  as  that  ob- 
taihed  for  suppression.  The  charac¬ 
teristic  shown  has  been  found  satis¬ 
factory,  but  if  this  network  were  of 
the  so-called  constant  B  type  as  de¬ 
scribed  by  Miller  and  Kimball*  there 
would  not  be  the  difference  indicated. 

Frequency  characteristics  do  not 
change  with  tube  replacement  nor 
with  a  10-percent  change  in  plate  sup¬ 
ply  voltage.  Total  noise,  measured  at 
the  output  of  the  system,  is  87  db 
below  0.001  watt,  which  is  sufficiently 
low  to  work  into  high-gain  circuits 
for  recording  or  rerecording.  The 
minimum  output  capacity,  including 
the  output  attenuator,  is  8  db  above 
0.001  watt. 

There  has  been  some  apprehension 
that  feedback  amplifiers  with  reac¬ 
tive  networks  in  the  feedback  path 
are  apt  to  be  less  stable  and  more 
susceptible  to  trouble  than  other  con¬ 
ventional  designs,  but  experience  has 
shown  that  this  is  not  the  case.  There 
has  also  been  some  aversion  to  the 
use  of  other  than  constant-impedance 
equalizers  or  additional  amplifiers  for 
frequency  correction  purposes,  which 
has  probably  been  due  to  ill  effects 
caused  by  changing  impedance  condi¬ 
tions  or  poor  transient  response  in 
such  circuits.  Both  these  faults  are 
minimized  in  this  system,  as  indi¬ 
cated  by  square-wave  and  intermodu¬ 
lation  tests. 
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FIG.  4 — Complete  circuit  of  three-band  yariable  equalizer.  To  raise  lows,  reduce  C,;  to  raise  highs,  increase  C,;  to  lower  lows,  reduce 
Cl.*  to  lower  highs,  increase  Ct.  Fixed  resistors  shunting  rheostats  are  SOO  ohms  each 
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because  in  these  circuits  the  alter¬ 
nating  voltage  across  iJ,  is  E,  — 
E,  =  Ef,  the  lowest  possible  value, 
and  thus  very  little  current  will 
flow  in  Rf.  On  the  other  hand,  in 
Fig.  1  the  voltage  across  R,  is  E,. 
Since  E,  ^  0.1  E,  in  many  cathode 
followers,  a  given  value  of  will 
look  approximately  ten  times  as 
large  to  the  signal  source  in  the 
circuit  of  Fig.  7  as  it  would  in  that 
of  Fig.  1.  The  circuits  of  Fig.  3 
and  6  would  give  intermediate 
values. 

To  illustrate  the  graphical  solu¬ 
tions  for  the  quiescent  operating 
points,  the  characteristics  of  a  6J5 
tube  will  be  used,  with  Ru  =  10,000 
ohms,  and  a  plate  supply  voltage, 
=  300  volts.  The  steps  in  the 
solution  are  illustrated  in  Fig.  8. 
(1)  Draw  a  load  line  with  slope 
equal  to  — 1//2*  through  the  point 
Ett  on  the  plate  characteristics  of 
.the  tube.  (2)  For  convenience  in 


FIG.  1*7 — Types  of  input  Circuits  ior  cathode  followers 


Symbols 


3  total  instantaneous  plate- 
cathode  voltage 
s  total  instantaneous  plate 
current 

=  total  instantaneous  grid-cathode 
volta^ 

=  total  instantaneous  cathode- 
ground  voltage 

=  total  instantaneous  voltage  de¬ 
veloped  across  a  portion  of  Rk, 
as  shown  in  Fig.  3  and  6 
=  total  instantaneous  signal  volt¬ 
age,  applied  between  grid  and 
ground 

=  quiescent  grid-cathode  voltage 
=»  quiescent  cathode-ground  volt¬ 
age 

=  quiescent  plate-cathode  voltage 
=  bias  supply  voltage 
=  plate  supply  voltage 
e,  —  E„  »■  instantaneous  varying 
component  of  grid-cathode  volt¬ 
age 


e-k  —  Eko  =■  instantaneous  varying 
component  of  cathode-ground 
voltage 

=  quiescent  plate  current 
=  effective  value  of  a-c  rignal  volt- 
age 

effective  value  of  a-c  grid- 
cathode  voltage 

*  effective  value  of  a-c  cathode- 
ground  (output)  voltage 

=  amplification  factor  of  the  tube 
=  dynamic  plate  resistance  of  the 
tube 

»  grid  leak  resistance 
=  cathode  load  resistance 

*  plate-to-plate  load  resistance  of 
a  push-pull  amplifler 

»■  plate  load  resistance  of  a  trans¬ 
former-coupled,  single-tube 
amplifier,  or  =  flpp/4  for  a  push- 
pull  amplifier 


Assumptions 

The  load  on  the  tube  is  assumed 
to  be  a  pure  resistance  in  all  cases. 
Coupling  and  by-pass  capacitors  are 
assumed  to  have  zero  reactance; 
shunt  capacitances  due  to  tube  ele¬ 
ments,  are  assumed  to  have  infinite 
reactance.  Where  transformers  are 
used  for  coupling,  they  are  assumed 
to  be  perfect,  that  is,  to  have  zero 
winding  resistance  and  leakage  re¬ 
actance,  unity  coupling,  and  infinite 
primary  and  secondary  inductance 
with  a  finite  ratio  of  transforma- 
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foi  Cathode  Followeis 


Survey  of  cathode  follower  input  circuits  and  a  method  of  computing  design  data  for  the 
desired  circuit  from  the  "conventional  load  line.  Plate-loaded  and  cathode-follower  am¬ 
plifiers  are  compared.  Several  examples  are  given 


FIG.  8 — A  type  SJS  tube  as  cathode  follower  with  Ri^  equal  to  10,000  ohms  and 

Ett  equal  to  300  Tolts 


computation,  add  a  scale  for  be¬ 
low  that  for  e*,  using  the  relation 

(1) 

(3)  Locate  the  quiescent  operating 
point  (e,  =  0)  for  the  particular 
circuit  used.  The  method  of  doing 
this  is  indicated  below  for  each  of 
the  circuits. 

In  Fig.  1  the  grid  is  at  ground 
potential  under  quiescent  condi¬ 
tions.  Thus  Ec,  =  —Em,  (2) 

defines  the  quiescent  operating 
point.  From  an  inspection  of  the 
operating  characteristics  in  Fig.  8 
this  is  seen  to  occur  approximately 
at  the  point  where  E,,  =  — 14  volts, 
Em,  =  -h  14  volts.  It  is  labeled  point 
A  in  Fig.  8. 

In  the  circuit  of  Fig.  2,  E,,  =  0 
because  the  grid  leak  connects  the 
grid  directly  to  the  cathode.  This 
gives  the  operating  point  indicated 
by  B  in  Fig.  8.  At  this  point 
Em,  =  163  volts. 

The  circuit  of  Fig.  3  gives  an 
operating  point  that  lies  between 
those  of  the  previous  examples.  The 
grid  is  at  the  potential  E„  above 
ground  where  E„  is  the  quiescent 
value  of  €,.  The  condition  to  be 
satisfied  is  that 

Ee,  —  — /*»  X  Rm\  —  —  (.Em,  —  E,,') 
=  -Em,  X  Rm,/Rm 
where  R,  =  Rmx  -1-  Rmm  (3) 

As  an  example,  suppose  that  the 
quiescent  operating  point  is  to  be 
located  where  =  —6  volts,  and 
E*.  =  89  volts.  Then  from  Eq.  3, 
Rmx  =  Rm  (Er,/-EM,)  =  10,000  X 
6/89  =  674  ohms,  and 

Rm,  =  10,000  -  674  =  9,326  ohms. 
This  gives  the  operating  point 
labeled  C  in  Fig.  8. 

In  the  circuit  of  Fig.  4  the  oper¬ 
ating  point  may  be  chosen  at  will 


by  adjustment  of  the  bias  voltage, 
E„.  From  inspection  of  the  circuit 
it  is  seen  that  the  condition 
Ee,  =  Em,  -f-  Ee,  (4) 

must  be  satisfied.  If  the  operating 
point  used  in  Fig.  3  (E,,  —  —6 
volts,  Em,  —  89  volts)  is  chosen, 
E,e  =  83  volts. 

The  operating  bias  for  the  cir¬ 
cuit  of  Fig.  5  is  obtained  by  means 
of  the  voltage  divider  R  and  R,  con¬ 
nected  from  B-l-  to  ground.  By 
proper  choice  of  these  resistors  a 
quiescent  grid-to-ground  voltage  of 
any  desired  value  (equivalent  to 
the  Eee  of  Fig.  4)  may  be  obtained. 


Locate  operating  point  as  before. 

The  operating  point  for  the  cir¬ 
cuit  of  Fig.  6  is  determined  in  the 
same  manner  as  that  in  Fig.  3. 

For  Fig.  7,  E„  =  — /»,  X  R,  (5) 
If  Rm  +  Rb  =  10,000  ohms  and  op¬ 
erating  point  C  is  assumed,  /*.  = 
8.9  milliamperes  and  R,  =  6/ (8.9  X 
10'*)  =  674  ohms.  Thus  Rm  =  9,326 
ohms.  These  results  are  the  same 
as  those  obtained  in  Fig.  3.  Since 
R,  is  bypassed  by  C*  in  Fig.  7,  the 
a-c  load  resistance  (Rm)  is  less  than 
the  d-c  resistance  (Rm  4-  Rt).  If 
Rm  were  to  be  kept  at  its  previous 
value  of  10,000  ohms,  a  new  d-c  load 
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line  corresponding  to  Rt  +  R»  would 
have  to  be  drawn.  If  the  a-c  load 
line  passes  through  operating  point 
C  the  value  of  i2»  may  be  found  as 
before.  The  d-c  load  line  would 
now  pass  through  the  operating 
point  and  the  point  =  306  volts. 
Thus  the  operating  point  may  be 
selected  on  the  a-c  load  line  and  the 
plate-supply  voltage  increased  above 
thp  previously  chosen  value  of  300 
volts  by  the  amount  of  the  bias  volt¬ 
age.  This  correction,  which  would 
also  apply  to  a  plate-loaded  amplifier 
with  a  cathode  bias  resistor,  will 
generally  be  so  small  as  to  be  negli¬ 
gible  for  all  practical  applications. 

The  choice  of  the  operating  point 
is  governed  by  the  same  considera¬ 
tions  as  in  plate-loaded  amplifiers. 
If  the  point  is  too  near  E,,  =  0 
(point  B  of  Fig.  8)  the  quiescent 
plate  dissipation  may  be  excessive 
or  the  grid  may  be  driven  positive 
and  grid  current  caused  to  flow.  If 
the  operating  point  is  too  near  the 
other  end  of  the  load  line  (such  as 
point  A  of  Fig.  8)  nonlinear  dis¬ 
tortion  is  increased  and  the  tube 
may  be  driven  to  plate-current  cut¬ 
off  with  a  relatively  small  signal 
voltage.  Operating  point  C  repre¬ 
sents  a  good  compromise  since  it 
allows  large  voltage  swings  in  both 
directions  with  low  distortion. 

Dynamic  Operating  Conditions 

Once  the  static  load  line  has 
been  found  and  the  quiescent  oper¬ 
ating  point  located,  the  dynamic 
load  line  may  be  drawn  through  the 
operating  point.  The  a-c  load  re¬ 
sistance  will  be  smaller  than  the 
d-c  load  resistance  whenever  a  load 
is  connected  between  the  output 


FIG.  10 — Vacuum-tube  TolUneter 


terminals  of  Fig.  1  to  7,  or  when  a 
by-passed  bias  resistor  is  used,  as 
in  Fig.  7.  In  many  applications  the 
difference  between  these  two  load 
lines  is  negligible,  and  it  is  so 
assumed  in  the  example  which 
follows. 

Using  the  load  line  in  Fig.  8  and 
operating  point  C,  the  required  sig¬ 
nal  voltage  (e.)  is  to  be  determined 
for  various  instantaneous  operating 
points  along  the  line.  A  convenient 
method  consists  of  determining  the 
amplitude  of  the  signal  voltage  at 
each  intersection  of  the  load  line 
and  the  tube  characteristic  lines. 
The  instantaneous  values  of  e,  may 
be  found  from  the  relation 
e.  =  Be  —  E„  +  Cm  —  E„,  (6) 

where  E,,  and  £7*.  are  the  values  at 
the  quiescent  operating  point. 


The  above  equation  is  equivalent  to 
the  expression 

E.  =  E,  +  E.  (7) 

involving  only  the  a-c  components. 
Thus  in  Fig.  8  at  point  D,  e,  =  —4 
volts,  e*  =  113  volts,  and  e,  =  —4 
_  (_6)  +  113  -  89  =  26  volts. 
Other  values  for  e.  are  found  simi¬ 
larly  and  are  indicated  in  a  scale 
along  the  load  line.  Once  the  scale 
has  been  determined  for  e.,  addi¬ 
tional  points  on  the  scale  may  be 
found  by  interpolation  where  neces¬ 
sary.  Because  of  the  low  distortion 
obtained  in  cathode  followers,  a 
linear  interpolation  of  values  of  e, 
between  the  points  previously 
found  is  sufficiently  accurate  for 
most  purposes. 

Distortion  Anaiysis 

A  sinusoidal  signal  voltage  may 
*how  be  assumed,  and  the  output 
voltage  or  current  may  be  analyzed 
for  fundamental-frequency  and 
harmonic  components  by  the 
methods  usually  employed  for 
power  amplifiers.*  It  is  important 
to  note  that  the  signal  voltage  (e.) 
scale  must  be  used  for  this  analysis 
rather  than  the  c,-scale  which  is 
used  for  conventional  amplifiers. 

Using  operating  point  C  in  Fig. 
8  a  signal  amplitude  of  80  volts  is 
necessary  to  drive  the  grid  to  zero 
bias,  at  which  point  e*  =  163  volts 
and  e,  =  e*  —  Et,  =  74  volts.  When 


Table  I 


Fundamental-frequency  power  output  and  second  harmonic  distortion  of  a  triode  ampli¬ 
fier,  plate-loaded  and  catho<^loaded.  Triode-connected  6L6  tube  with  En  -■  255 
volts,  =  —  22.5  volts,  ">12  E,  —  22.5  volts 


Plate-loaded 

Cathode-loaded 

Rl' 

P. 

Percent  2nd 

P. 

Percent  2nd 

V2  E, 

ohms 

watts 

harmonic 

watts 

harmonic 

volts 

1,700 

1.78 

14.2 

2.06 

13.2 

122.5 

3,400 

1.71 

7.5 

2.06 

2.4 

148.5 

5,000 

1.53 

5.5 

1.80 

0.6 

160.0 

Table  II 

Triode-connected  6L6  tubes 

in  push-pull,  with  Eth  ^  ' 

255  volts,  Ee,  =»  — 

22.5  volts, 

“^2  Ef  =  22.5  volts 

Plate-loaded 

Cathode-loaded 

Rl' 

P. 

Percent  3rd 

Po 

Percent  3rd 

<2  E, 

ohms 

watts 

harmonic 

watts 

harmonic 

volts 

500 

■  3.72 

0.41 

3.75 

0-i" 

83 

1,000 

4.20 

0.36 

4.20 

0-1- 

114 

1,500 

4.02 

0.23 

4.02 

0-1- 

131 

(In  the  push-pull  amplifier  Rl  is  the  equivalent  load  resistance  presented  to  the  com¬ 
posite  tiibe,  and  is  equal  to  one-fourth  the  plate-to-plate  load  resistance) 
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the  instantaneous  signal  voltage  is 
80  volts  negative  (this  point  is  indi¬ 
cated  on  the  load  line) ,  =  17  volts 

and  e,  =  —72  volts.  Thus  the 
amplitude  of  output  voltage  is 
nearly  the  same  on  the  positive  and 
negative  half-cycles,  indicating 
very  little  distortion.  The  voltage 
amplification  of  the  circuit  is :  A  = 
\/2E,/\/2E,  =  73/80  =  0.91. 

By  contrast,  if  the  circuit  were 
operated  as  a  plate-loaded  amplifier 
with  the  same  operating  point  and 
V2  E,  ■=  6  volts,  the  corresponding 
values  of  amplitude  of  output 
voltage  would  be  74  for  the  posi¬ 
tive  half-cycle  and  —60  for  the 
negative' half -^ycle,  giving  a  fairly 
large  percentage  of  second-har¬ 
monic  distortion. 

The  conclusions  to  be  derived  so 
far  are  that  the  cathode  follower 
has  inherently  low  distortion  be¬ 
cause  of  its  negative  feedback ;  high 
input  impedance  which  is  advan¬ 
tageous  if  the  previous  stage  is 
sensitive  to  loading ;  low  output 
impedance  desirable  for  driver- 
stage  applications;  but  the  disad¬ 
vantage  of  requiring  a  signal  input 
slightly  larger  than  the  output 
voltage. 

Many  useful  applications  of  the 
cathode  follower  as  a  coupling  stage 
between  a  high-impedance  source 
and  a  low-impedance  load  or  as  a 
video  amplifier  stage  have  been 


cited  in  the  literature.^'^  The  pos¬ 
sibility  of  direct  coupling  to  •  the 
grid  of  the  cathode  follower  from 
the  previous  stage  as  indicated  in 
Fig.  9  should  be  considered  because 
it  permits  the  elimination  of  the 
coupling  capacitor  and  grid  leak 
usually  required.  If  the  direct  grid- 
to-ground  potential  of  the  cathode 
follower  can  be  the  same  as  the 
quiescent  plate  voltage  of  the  pre¬ 
vious  stage,  direct  coupling  should 
be  feasible.  Figure  10  shows  an¬ 
other  direct-coupled  circuit  which 
has  been  .used  successfully  in  our 
laboratory,  where  it  was  desired  to 
make  selectivity  measurements  on 
a  tuned  r-f  amplifier  stage.  Since  a 
diode-type  vacuum  tube  voltmeter 
would  cause  appreciable  loading  of 
the  tuned  circuit,  and  a  consequent 


FIG.  12 — A  transionner-coupled  conpliiier 


reduction  in  gain  and  selectivity,  a 
cathode-follower  stage  was  inserted 
as  shown.  The  screen  grid  of  the 
6SJ7  may  be  operated  at  75  to  100 
volts,  which  is  a  convenient  range 
for  the  quiescent  grid-to-ground 
voltage  of  the  cathode  follower.  The 
resistor  R  was  necessary  in  the  grid 
lead  to  prevent  oscillation  of  the 
cathode  follower  stage.^  A  value  of 
R  between  100  and  1,000  ohms  is 
generally  sufficient  to  prevent 
oscillation. 

A-M  Detector 

The  circuit  of  Fig.  11,  with  a 
high  value  of  and  an  r-f  bypass 
capacitor  C,  will  act  as  a  detector 
for  amplitude-modulated  waves. 
The  large  value  of  i2*  will  cause  the 
tube  to  be  biased  near  cutoff  under 
quiescent  conditions.  Thus  the  ac¬ 
tion  is  similar  to  that  of  a  diode 
detector  with  the  added  advantage 
of  high  impedance  presented  to  the 
signal  source.  The  disadvantage  of 
this  circuit  as  a  detector  is  that,  no 
matter  how  high  R„  is  made,  the 
bias  voltage  for  the  grid  must  be 
developed  across  Rk,  and  a  negative 
signal  equal  to  this  bias  voltage 
must  be  applied  before  the  tube  will 
cut  off.  Thus  for  small  applied 
signals  no  rectification  will  occur. 
This  difficulty  can  be  avoided  by 
applying  enough  direct  voltage  in 
the  grid  circuit  to  bias  the  tube  to 
cutoff,  but  this  is  not  always  a 
convenient  solution.  The  output 
voltage  of  this  detector  is  positive 
with  respect  to  ground,  and  there¬ 
fore  is  not  useful  for  avc  purposes. 

Because  of  the  low  output  im¬ 
pedance  of  the  cathode  follower,  it 


Table  IH 

Tnode-connected  6L6  tubes  in  push-pull,  with  Ehh  =  255  volts,  En  =  —  30  volts, 
V2£:,  -  30  volts 


Plate-loaded  Cathode-loaded 


Rt’ 

P. 

Percent  3rd 

P. 

Percent  3rd 

V2  E, 

ohms 

watts 

harmonic 

watts 

harmonic 

volts 

500 

3.66 

4.75 

3.83 

1.07 

93 

1,000 

4.30 

3.59 

4.57 

0.35 

126 

1,500 

4.37 

2.81 

4.60 

0.22 

147 

1,700 

4.28 

2.82 

4.53 

0.0-H 

154 

Table  IV 

Triode-connectetl  61.6  tubes 

in  push-pull,  with  Ebb  =•  255  volts,  E^s  =  — 

37.5  volts 

V2  Eg  =  37. 

,  5  volts 

Plate-loaded 

Cathode-loaded 

Rl' 

Percent  3rd 

P. 

Percent  3rd 

<2  E, 

ohms 

watts 

harmonic 

watts 

harmonic 

volts 

1,000 

3.72 

11.0 

4.35 

2.9 

133 

1,250 

3.80 

10.9 

4.52 

1.8 

145 

1,500 

3.81 

10.0 

4.48 

1.7 

155 

2,000 

3.72 

9.0 

4.26 

1.8 

170 

r 
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tubes,  triode-connected,  were  used 
for  this  analysis.  A  comparison  of 
fundamental-frequency  power  out¬ 
put  and  third  harmonic  distortion 
for  plate-loaded  and  cathode-loaded 
amplifiers  under  various  operating 
conditions  is  given  in  Tables  II  to  V. 

CoRClHSioilS 

From  the  results  of  these  calcula¬ 
tions  the  following  conclusions  are 
drawn  concerning  cathode  loading 
versus  plate  loading  for  power  am¬ 
plifiers  : 

The  advantages  in  all  cases  of 
cathode  follower  operation  are  the 
high  input  impedance  (with  nega¬ 
tive  grid  operation)  and  low  output 
impedance.  The  latter  is  particu¬ 
larly  desirable  when  the  load  imped¬ 
ance  may  vary  with  frequency  and 
a  constant  load  voltage  is  desired. 
The  disadvantages  in  all  cases  of 
cathode-follower  operations  are  the 
large  signal  voltages  required  and 
the  possibility  that  the  maximum 
allowable  cathode-to-filament  poten¬ 
tial  of  the  tubes  will  be  exceeded 
under  maximum  output  conditions. 
For  the  single-tube  amplifier,  cath¬ 
ode  loading  will  increase  the  power 
output  and  reduce  the  distortion 
compared  to  plate  loading,  provided 
the  signal  voltage  used  for  cath¬ 
ode-follower  operation  does  not 
drive  the  tube  to  plate-current  cut¬ 
off  (see  Table  I). 

If  the  distortion  is  low  for  the 
plate-loaded  case  (either  single  or 
push-pull  tubes)  cathode  loading 
will  not  increase  the  power  output 
appreciably  (see  Table  II).  This  is 
logical  since  if  the  distortion  were 
negligible,  the  instantaneous  excur¬ 
sions  along  the  load  line  would  be 
exactly  the  same  for  either  type  of 
loading.  If  the  distortion  is  high  in 
push-pull  plate-loaded  operation, 
cathode  loading  will  reduce  the  dis¬ 
tortion  considerably  and  may  in¬ 
crease  the  power  output  by  more 
than  ten  percent.  (See  Tables  III 
to  V.)  The  increase  in  power  out¬ 
put  occurs  because  the  negative 
feedback  with  cathode  loading  acts 
to  increase  the  amplitude  of  the 
fundamental  -  frequency  current 
while  reducing  the  harmonic  cur¬ 
rents.  The  value  of  equivalent  load 
resistance  (/?/)  which  gives  maxi¬ 
mum  power  output  is  approximately 
the  same  for  both  cathode  loading 
and  plate  loading  in  each  case  con¬ 


sidered.  With  a  fixed  operating 
point  and  fixed  grid  voltage  ampli¬ 
tude  this  result  would  be  expected, 
since  the  excursions  along  a  given 
load  line  are  approximately  the 
same  for  both  types  of  loading. 

The  internal  impedance  of  a  tube 
acting  as  a  cathode  follower  is 
r,/(l  +  /n.)“  If  the  Maximum  Power 
Transfer  Theorem  is  applicable,  a 
load  resistance  equal  to  the  internal 
resistance  of  the  tube  would  give 
maximum  power  output.  However, 
this  theorem  holds  only  for  strictly 
linear  operation  of  the  tube  with  a 
constant  voltage  generated  in  the 
equivalent  plate  circuit,  and  thus 
restricts  the  grid  swing  to  small 


characteristics  (see  the  operating 
point  of  Fig.  13,  which  is  near  the 
maximum-plate-dissipation  point)  1 
Then  for  small  values  of  Rl  the 
maximum  allowable  value  of  E, 
(which  will  not  produce  grid-cur¬ 
rent  flow  or  plat-current  cutoff) 
will  be  quite  small.  With  E,  limited 
to  such  a  small  value  the  power  out¬ 
put  will  be  less  than  the  maximum 
value  obtained  with  the  load  values 
and  signal  amplitudes  noted  earlier. 

In  conclusion  it  should  be  pointed 
out  that  this  method  of  graphical 
analysis  may  also  be  applied  to  any 
amplifier  that  has  combined  plate 
and  cathode  loading,  or  for  nega¬ 
tive-feedback  amplifiers.  The  scales 


Table  V 

TriodeH»nnected  6L6  tubes  in  push-pull,  with  Ebh  =  volts,  Et, 
Vl  A’,  =*  45  volts  (grid  driven  7.5  volts  pf>sitive) 


Plate-loaded  . 


Cathode-loaded 


Po 

Percent  3rd 

Po 

Percent  3rd 

’i/2  A. 

ohms 

watUi 

harmonic 

watts 

harmonic 

volts 

1,000 

1,250 

6.27 

10.7 

7.37 

2.2 

169 

6.. 54 

10.2 

7.13 

18 

181 

1,500 

6.3.5 

9.? 

7.39 

1.5 

196 

2,000 

6.08 

9.0 

7.00 

1.6 

215 

values  for  the  plate-loaded  ampli¬ 
fier.  This  restriction  is  not  so  se¬ 
vere  for  cathode  loading  because  of 
the  reduced  distortion.  The  equiva¬ 
lent  generator  for  a  cathode  fol¬ 
lower  produces  a  voltage  tiE./il  -f 
/i)“;  thus  it  is  the  signal  voltage 
E,  that  must  be  kept  constant  in 
this  case  rather  than  E„  while  the 
load  resistance  is  varied  to  obtain 
maximum  power  output.  This  fol¬ 
lows  also  from  Shapiro’s  graphical 
solution*  involving  equivalent  plate 
characteristics  for  the  cathode  fol¬ 
lower,  wherein  the  input  signal  is 
represented  by  the  grid-to-plate  al¬ 
ternating  voltage  which  is  identical 
with  the  E,  used  here. 

Although  the  above  arguments 
are  theoretically  sound,  certain 
practical  considerations  prevent  op¬ 
eration  of  the  cathode  follower  with 
load  resistances  comparable  to 
r,/(l  -I-  /x)  in  order  to  obtain  more 
power  output  than  is  possible  with 
plate  loading.  The  plate  power  dis¬ 
sipation  of  the  tube  under  both 
quiescent  and  dynamic  conditions 
must  not  exceed  its  rated  value. 
This  will  locate  the  operating  point 
relatively  low  on  the  familv  of  plate 


for  e,  and  e*  would  be  determined  in 
such  a  case  by  the  amount  of  feed¬ 
back  voltage  developed  in  the  grid 
or  cathode  circuit.  Once  these  scales 
are  determined  the  analysis  pro¬ 
ceeds  in  the  manner  previously 
given. 
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With  the  other  values  of  load  re¬ 
sistance  the  harmonic  distortion  is 
reduced  considerably  by  cathode 
loading  and  the  power  output  is  in¬ 
creased  about  ten  percent.  In  all 
cases  the  large  values  of  signal  volt¬ 
age  required  for  cathode-follower 
operation  are  a  definite  disadvange. 

Puih-Piill  Power  Amplifier 

The  circuit  for  the  cathode-loaded 
push-pull  power  amplifier  is  shown 
in  Fig.  14.  An  examination  of  the 
conditions  to  be  satisfied  for  both 
quiescent  and  dynamic  operation 
shows  that  they  are  identical  with 
the  conditions  for  a  plate-loaded 
push-pull  amplifier.  The  conditions 
are: 

quiescent — Im  =  =  c,,  =  E,„ 

e*,  =  e**  =  0,  and  ««  =  =  £■«  (9) 

dynamic — Ae.i  =  —  Ae,-,  Ae*i  = 

Aew,  Ui  —  ikf  =  id*,  therefore  Ac„ 
=  — Aec2,  Acm  =  — Aew  (10) 

In  these  relations  the  subscripts 
1  and  2  refer  to  the  two  tubes  of  the 
push-pull  circuit,  and  u  is  the  net 
flux-producing  component  of  cur¬ 
rent  in  the  transformer  primary. 
This  current  is  defined  in  the  con¬ 
ventional  manner®  so  that  u  X  N,  = 
h  X  N.,  (11) 

where  N,  is  the  number  of  turns  on 
one-half  the  primary,  and  N.  is  total 
secondary  turns. 

Since  the  conditions  to  be  satis¬ 
fied  are  the  same  for  both  cathode 
loading  and  plate  loading,  the 
graphical  solution  for  plate-loaded 
push-pull  amplifiers  is  applicable. 
A  signal-voltage  scale  must  be  pro¬ 
vided  along  the  load  line  on  the  com¬ 
posite  characteristics.  Two  6L6 


VOLTS 


FIG.  13 — A  typ«  6L6  tube  used  as  a  transformer-coupled  cathode-loaded  power 
amplifier  with  R'j.  equal  to  1.700  ohms  (upper  curre)  and  5.000  ohms.  is  255 

▼olts  and  E„  is  — 22.5  volts 


is  sometimes  useful  as  a  power  mined  at  any  point  along  the  load 
amplifier  if  the  load  impedance  is  line  from  the  relation 
subject  to  variation.  The  circuit  g  (g) 

diagram  of  a  power  amplifier  with  I  s„^„arizes  the ’results  of 

the  load  trapsformer-coupled  -into  calculations  with  three  values  of 
the  cathode  circuit  is  shown  in  Fig.  yaj  resistance  for  both  plate  load- 
12.  Although  fixed  biim  is  indi-  and  cathode  loading.  The  same 
cated,  cathode  resistor  bias  such  as  — 

that  used  in  Fig.  7  may  be  more  grid-cathode  voltage  (V2  E,  =  22.5 
convenient  as  long  as  the  opera-  '’olts)  was  used  in  all  casra,  the  cor- 
tion  is  restricted  to  class  A.  A  responding  values  of  V2E.  being 
graphical  solution  for  the  circuit  of  given  in  the  table  for  the  cathode- 
Fig.  12  is  similar  to  that  for  a  plate-  loaded  amplifier.  The  fundamental- 
loaded  amplifier,  except  that  scales  frequency  power  output  and  percent 
must  be  provided  for  e.  and  e*  as  second  harmonic  distortion  were 
they  were  in  Fig.  8.  The  quiescent  calculated  by  the  method  given  in 
operating  point  is  determined  from  reference  number  8,  with  the  as- 
the  plate-supply  voltage  and  bias  sumption  that  harmonics  higher 
voltage  exactly  as  it  would  be  for  a  than  the  third  were  negligible.  Note 
plate-loaded  amplifier.  Similarly,  that  r,  ^  1,700  ohms  at  the  operat- 
the  slope  of  the  load  line  is  deter-  iiig  point — thus  the  values  of  load 
mined  by  the  reflected  load  resis-  resistance  used  correspond  approxi- 
tance  (E/)  seen  in  the  primary  cir-  mately  to  R/  =  r,,  2  r,  and  3  r,. 
cuit  of  the  transformer.  For  the  1,700-ohm  load  the  cath- 

Figure  13  shows  the  graphical  ode  loading  does  not  reduce  the  dis- 
construction  for  a  type  6L6  tube  tortion  appreciably  below  the  value 
operated  as  a  triode  with  E^t  =  255  obtained  with  plate  loading,  because 
volts,  Eec  =  —22.5  volts,  and  with  the  signal  an.plitude  is  such  as  to 
load  resistances  of  1,700  and  5,000^  cause  the  tube  to  be  cut  off  during 
ohms  on  the  primary  side  of  the  P^rt  of  the  cycle  (i.e.,  it  =  0  at  e,  = 
transformer.  A  scale  for  appears  —90  volts).  If  the  signal  amplitude 
below  the  e»-scale,  and  values  of  is  reduced  to  90  volts  (=\/^E,) 
e,  are  indicated  along  the  two  load  with  the  1,700-ohm  load,  P.  =  1.31 
lines.  Note  that  e*  =  0  at  the  oper-  watts  and  the  second  harmonic  dis- 
ating  point;  thus  e,  is  easily  deter-  tortion  =  5.1  percent. 


FIG.  14  —  A  cathode-loaded  push-pull 
power  amplifier  circuit 
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PEAK  POWER  IN  MEGAWATTS 


E GUIDE  DATA 


Dimensions  of  rectangular  copper  waveguides  covering  the  entire  microwave  spectrum  in 
accordance  with  FCC  frequency  allocations,  with  cutoff  frequencies,  curves  of  attenua¬ 
tion  and  power-handling  capacity  for  each  size,  and  performance  equations 


By  LEONARD  E.  SHERBIN 

Chief  Engineer 
DeMomay-Budd,  Inc. 

Veto  York,  N,  Y. 


where  Ztm  =  characteristic  wave 
impedance  for  a  transverse  electric 
wave,  uj  =  =  intrinsic  im¬ 

pedance  of  the  dielectric,  ci  =  di¬ 
electric  constant,  /ai  =  permeability, 
/,  =  cutoff  frequency,  and  /  =  fre¬ 
quency. 

For  values  where  /.  >  /  the 
characteristic  wave  impedance  is  a 
pure  imaginary  and  hence  no 
energy  can  be  propagated  along  the 
Vaveguide.  When  /  =  /*  the  char¬ 
acteristic  wave  impedance  is  infi¬ 
nite  and  for  an  ideal  waveguide 
would  represent  a  sharp  transition 
from  an  imaginary  characteristic 
wave  impedance  to  a  real  one. 
However,  for  practical  waveguides 
with  imperfect  conductors  there  is 
a  small  amount  of  phase  shift  below 
cutoff  and  some  attenuation  above 
cutoff.  Above  cutoff,  practical  wave 
guides  have  a  real  attenuation  fac¬ 
tor  and  a  phase  shift  along  the 
axis  of  the  guide. 

The  above  discussion  shows  the 
impracticability  of  using  wave¬ 
guides  at  frequencies  below  cutoff 
for  the  transmission  of  energy.  At 
frequencies  close  to  and  just  above 
the  cutoff  frequency  fer  a  given 
waveguide  the  attenuation-vs-fre- 
quency  curve  has  a  steep  slope 
with  a  relatively  high  attenuation 
factor.  This  makes  it  undesirable 
to  use  waveguides  in  this  region. 
The  expression  for  the  cutoff  fre¬ 
quency  for  a  transverse  electric 
TE„,n  or  transverse  magnetic 
TM„,n  wave  is 


quency  allocations;  (6)  To  use 
waveguide  sizes  for  which  tubing 
is  available;  (7)  To  choose  dimen¬ 
sions  so  that  the  waveguide  has  the 
necessary  mechanical  strength. 


The  microwave  field  has 
reached  that  stage  of  develop¬ 
ment  where  it  is  now  desirable  to 
standardize  on  various  waveguide 
sizes.  Since  the  physical  dimen¬ 
sions  of  a  waveguide  determine  the 
frequency  range  over  which  it  can 
most  satisfactorily  operate,  it  is 
desirable  that  waveguide  dimen¬ 
sions  be  standardized  according  to 
frequency  allocations.  This  would 
avoid  need  for  two  waveguide  sizes 
to  cover  a  band  of  frequencies  allo¬ 
cated  to  one  service,  as  well  as  to 
obtain  the  maximum  efficiency  from 
a  transmission  line. 

A  number  of  systems  for .  de¬ 
termining  standards  for  waveguide 
sizes  have  been  put  forth,  all  of 
which  are  based  upon  the  following 
factors:  (1)  To  use  as  few  wave¬ 
guide  sizes  as  possible ;  (2)  To  have 
the  waveguides  operate  over  as 
wide  a  band  as  is  practical ;  (3)  To 
choose  the  dimensions  so  that  the 
inherent  losses  are  as  low  as  possi¬ 
ble;  (4)  To  standardize  on  wave¬ 
guides  having  the  highest  possible 
power-carrying  capacity;  (5)  To 
choose  the  waveguides  with  charac¬ 
teristics  compatible  with  FCC  fre¬ 


Cutoff  Frequency 

The  cutoff  frequency  is  that  fre¬ 
quency  below  which  a  waveguide 
will  not  transmit  any  energy.  That 
is  to  say,  the  wave  will  not  propa¬ 
gate  if  it  is  below  the  cutoff 
frequency  of  the  waveguide.  This 
is  borne  out  by  the  fact  that  the 
characteristic  wave  impedance  is  a 
pure  imaginary  quantity  for  fre¬ 
quencies  below  the  cutoff  frequency 
of  a  waveguide. 

The  attenuation  in  a  waveguide 
below  cutoff  is  a  reactive  attenua¬ 
tion.  The  waveguide  looks  like  a 
pure  reactance  to  the  source  and 
therefore  the  energy  is  reflected 
back  from  the  waveguide.  The 
action  of  a  waveguide  below  cutoff 
is  analogous  to  that  of  a  high-pass 
filter  below  the  pass  band  of  the 
filter.  The  characteristic  wave  im¬ 
pedance  for  a  transverse  electric 
wave  is 


where  Xe  =  wavelength  at  cutoff, 
m  and  n  are  the  subscripts  for  a 
given  mode,  and  a  and  b  are  the 
inside  dimensions  for  the  wide  and 
narrow  sides  respectively  as  indi¬ 
cated  in  Fig.  1. 

For  the  TEi,o  wave,  which  is  the 
one  used  in  practically  all  cases,  Eq. 
2  reduces  to 


.VSWR=I.3 


-VSWR  =  I 


-VSWR=I. 


'■VSWR=  1.2 


DISTANCE  ALONG  Z  AXIS 


FIG.  1 — End'riaw  of  eloctric  Hold  distribution  in  rectangular  woreguide.  and  curres 
showing  Toltage  olong  longitudinal  axis  Z  of  a  rectangular  woreguide  for  Torious 
Toltage  stcrading  wore  rotios 
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X,  =  2o  (3) 

This  equation  shows  that  for  the 
TEi,t  mode  the  a  dimension  of  a 
rectangular  waveguide  is  the  only 
physical  factor  determining  the 
cutoff  frequency.  The  cutoff  fre¬ 
quencies  of  the  waveguides  included 
in  the  various  recommendations  for 
standardization  are  given  in  Fig.  2. 

OpcratioR  at  Higbar  Modes 

In  order  to  operate  a  waveguide 
at  its  optimum  efficiency  the  domi¬ 
nant  mode  is  usually  used.  The 
dominant  mode  is  the  lowest-fre- 
quency  mode  that  will  propagate 
down  the  waveguide.  The  propaga¬ 
tion  of  more  than  one  mode  in  a 
waveguide  is  undesirable  as  it  re¬ 
sults  in  impedance  mismatches  for 
the  various  modes,  along  with  re¬ 
flections  and  the  generation  of 
spurious  frequencies  other  than 
the  desired  one  at  discontinuities. 
If  these  spurious  frequencies  can 
propagate  down  the  waveguide  they 
will  have  many  detrimental  effects. 
This  results  in  the  loss  of  energy 
propagated  down  the  waveguide, 
high  standing  wave  ratios  in  the 
waveguide,  and  very  inefficient 
transmission  of  the  microwave 
energy. 

Therefore,  it  is  essential  that  the 
physical  dimensions  of  a  waveguide 
be  so  chosen  that  all  modes,  other 
than  the  desired  one,  cannot 
propagate.  This  places  the  limita¬ 
tion  on  the  highest  frequency  at 
which  a  waveguide  can  be  most 
efficiently  used. 

The  TEt.0  mode  is  the  next  higher 
mode  that  could  be  propagated.  By 
simplifying  Eq.  2  the  cutoff  wave¬ 
length  for  the  TEto  mode  becomes 
equal  to  a.  This  places  a  limit  on 
the  highest  frequency  of  the  band 
for  which  a  given  waveguide  is 
suitable. 

In  practice,  the  upper  frequency 
limit  is  usually  lower  than  the 
theoretical  Hmit,  so  that  moding 
difficulties  are  avoided.  The  lowest 
transverse  magnetic  wave  which 
can  exist*  is  the  TMi.x  mode  and 
since  it  occurs  at  a  higher  fre¬ 
quency  than  the  TE,  „  mode  in  the 
recommended  waveguide  sizes, 
there  is  no  need  to  investigate  fur¬ 
ther. 

The  h  dimension  is  subject  to 
compromise  on  many  points.  The 
larger  the  h  dimension  the  lower 


the  attenuation  and  the  greater  the 
power-handling  capacity  of  the 
waveguide.  However,  there  is  a 
limit  as  to  how  large  b  can  be  made 
before  difficulties  are  encountered 
with  modes  other  than  the  domi¬ 
nant  mode.  The  h  dimension  has 
to  be  such  that  it  will  not  support 
any  mode  other  than  the  TE,.#.  In 
practice  the  ratio  of  the  h  dimen¬ 
sion  to  the  a  dimension  is  usually 
less  than  0.5  to  avoid  any  possi¬ 
bility  of  the  waveguide  supporting 
a  mode  other  than  the  TE,.#. 

Powar-Carrying  Capacity  • 

The  maximum  power  that  a 
waveguide  can  carry  for  the  TE*,* 
mode  is 

P  =  ®,.x*:6.63  X  10-*  ab  (4) 

where  P  —  maximum  power  for  the 
TE^j,  mode  in  watts,  =  maxi¬ 
mum  permissible  voltage  gradient, 
A,  =  guide  wavelength,  X  =  free 
space  wavelength,  and  a  and  h  are 
waveguide  inside  dimensions  in  cm. 
This  gives  the  theoretical  power 
that  a  waveguide  can  handle 
if  the  voltage  standing  wave  ratio 
is  1,  and  is  valid  for  given  humidity 
and  air  pressure  conditions  only. 

The  maximum  field  intensity  oc¬ 
curs  where  the  electric  field  is 
greatest.  The  greatest  electric  field 
is  parallel  to  the  narrow  side  (b 
dimension)  in  the  center  of  the 
broad  side  (a  dimension).  There¬ 
fore,  the  b  dimension  limits  E*., 
since  it  determines  the  field  inten¬ 
sity  at  which  a  voltage  breakdown 
will  occur.  The  maximum  power 
is  proportional  to  the  cross-sec¬ 
tional  area  ah  of  the  waveguide  and 
the  ratio  X  /  X,. 

A  value  of  15,000  volts  per  cm 
will  be  used  in  the  calculations  for 
This  value  has  been  arrived 
at  empirically  and  is  used  by  the 
Army  and  Navy  in  applying  power 
ratings  to  waveguides.  Any  in¬ 
crease  in  voltage  standing  wave 
ratio  will  decrease  the  power¬ 
handling  capacity  of  waveguides 
since  the  field  intensity  will  then 
have  varying  values  along  the 
waveguide  axis,  with  the  maximum 
value  of  field  intensity  being 
greater  than  if  the  voltage  standing 
wave  ratio  were  unity.  Any  sharp 
corners,  bends,  twists,  etc,  would 
tend  to  lower  the  maximum  power 
rating.  Figure  1  shows  (at  upper 


left)  the  electric  field  distributidi 
across  a  waveguide  for  the  TE,., 
mode,  along  with  curves  portraying 
the  increase  in  peak  voltage  due  to 
increasing  standing  wave  ratios. 

The  graphs  in  Fig.  2  give  the 
maximum  power-carrying  capaci¬ 
ties  .under  ideal  conditions  and  as¬ 
suming  an  of  15,000  volts  per 
cm  for  the  TEt.,  mode. 


AttaRMatii 


In  a  rectangular  copper  wave¬ 
guide  with  air  dielectric  and  for  the 
TEi,ft  mode  the  attenuation  is 


0.01107 

oi/i 

where  =  attenuation  in  db 

per  ft  for  a  copper  waveguide  for 
•  the  TEi.o  mode. 

For  metals  other  than  copper, 
Eq.  5  must  be  multiplied  by  K, 
where  K  is  equal  to  the  square  root 
of  the  ratio  of  the  resistivity  of  the 
metal  used  to  the  resistivity  of 
copper. 

The  values  for  attenuation  in 
waveguides  as  obtained  by  meas¬ 
urements  run  somewhat  higher 
than  the  values  obtained  by  solving 
Eq.  5.  This  is  caused  by  such  con¬ 
ditions  as  variations  in  plating, 
impurities  in  the  metal,  dust,  vary¬ 
ing  atmospheric  conditions,  and 
corrosion. 

Curves  of  attenuation  vs  fre¬ 
quency  are  also  given  in  Fig.  2  for 
various  waveguide  sizes,  based  on 
Eq.  5.  These  curves  indicate  that 
it  is  not  desirable  to  operate  a 
waveguide  at  frequencies  close  to 
cutoff.  The  attenuation  is  high  in 
this  region  and  decreases  rapidly 
to  the  point  where  it  is  fairly  con¬ 
stant.  Also,  wide-band  operation 
in  this  region  is  undesirable  as  it 
would  cause  considerable  distortion. 

For  narrow-band  operation  near 
cutoff  the  attenuation  is  so 
much  greater  that  considerably 
larger  transmitters  would  have  to 
be  used  to  obtain  a  comparable  in¬ 
put  to  the  antenna  for  most  prac¬ 
tical  waveguide  installations.  In 
receiving  applications  the  increased 
attenuation  results  in  lower  effec¬ 
tive  signal  input  to  the  receiver, 
thereby  decreasing  the  signal-to- 
noise  ratio  and  sensitivity  of  the 
installation. 
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MINIATURE  SOCKETS 


Cinch  Miniature  Sockets 

.  ONE,  TWO,  THREE 


.  .  .  proven  (1)  dependable  and  durable  under  most 
exacting  requirements  of  service  in  the  foremost  radio  sets 
and  electronic  equipment ...  (2)  complete  line  of  miniature 
sockets,  laminated  and  molded,  and  related  parts,  mount¬ 
ing  straps,  shields  and  bases  fpr  today's  needs  and  in 
anticipation  of  tomorrow’s  requirements.  Cinch  coordinated 
and  engineered  the  first  complete  line  of  one  piece, 
ceramic  and  mica,  filled  molded  miniature  sockets  with 
shield  and  saddle,  see  illustration  No.  9365., 

...  in'  production  and  (3) 
available  on  order. 


mm/MoSm. 

fM5?5^§35 


ELECTRONIC  HEATING 
REQUIREMENTS 


WHEN  a  substance  is  heated 
by  induction  or  dielectric 
means,  the  power  required  to  at¬ 
tain  a  given  temperature  rise  at  a 
given  rate  is  a  basic  consideration. 
It  depends  directly  upon  the  num¬ 
ber  of  pounds  of  material,  the  spe¬ 
cific  heat,  the  number  of  degrees 
temperature  rise,  and  inversely 
upon  the  number  of  minutes  in 
which  the  heating  is  to  be  accom¬ 
plished.  Neglecting  heat  radiation 
and  convection  losses  which  are 
usually  insignificant  below  1,500  F, 
the  pertinent  power-temperature 
rise  information  is  presented  in  a 
series  of  curves  which  are  plots  of 
kw/100  deg  F  =  1.758  (Ib/min)  x 
specific  heat  (1) 

In  the  graphs  below  a  curve  is 
drawn  for  each  of  a  selected  num¬ 
ber  of  specific  heats  ranging  from 
0.04  to  1.0;  two  graphs  being  shown 
to  facilitate  accurate  scaling  for 
large  or  smaM  amounts  of  material 


to  heat  10  Ibs/min  (dry  weight)  of 
preforms,  such  as  general  purpose 
molding  compound,  from  70  F  to 
270  F  or  200  deg  rise.  Suppose  this 
material  contains  2  percent  mois¬ 
ture,  all  of  which  will  be  evaporated 
by  the  time  270  F  is  reached.  Using 
a  specific  heat  of  0.35,  a  value  of  6.1 
kw  per  100  deg  rise  is  obtained 
from  graph  B.  Then  for  200  deg 
rise,  2  X  6.1  or  12.2  kw  of  thermal 
power  is  required  to  heat  the  dry 
material.  ^ 

Two  more  factors  of  required 
•power  enter  in  owing  to  the  mois¬ 
ture;  raising  0.2  lb  of  water/min 
from  70  F  to  212  F  or  142  deg  rise. 
Using  a  specific  heat  of  1.0  for 
water  we  have  0.35  kw  per  100  rise 
or  0.5  kw  for  142  deg  rise.  In  evap¬ 
orating  0.2  lb  of  water/min,  the 
dashed-line  curve  of  graph  B  in¬ 
dicates  that  3.4  kw  is  needed.  The 
sum  of  these  products,  then,  totals 
16.1  kw. 


Deaii/n  Engineer 
W eatinghouse  Electric  Corp. 
Baltimore,  Md. 


differing  by  a  factor  of  10.  The 
dashed  line  curve  represents  the 
power  needed  to  evaporate  water 
and  reads  directly  from  the  verti¬ 
cal  scale  in  each  graph.  The  evap¬ 
oration  curve  is  a  plot  of 
kw  =  17.05  Ib/min  of  water  evap¬ 
orated  (2) 


Examples 

Suppose  it  is  desired  to  heat  50 
pounds  of  steel  per  minute  from 
50  F  to  1,350  F.  Using  a  specific 
heat  of  0.16  a  value  of  14  kw  per 
100  deg  rise  is  obtained  from 
graph  A.  Then  for  1,300  deg  rise, 
13  X  14  or  182  kw  of  thermal  power 
is  required. 

In  another  case,  it  may  be  desired 


SPECIFIC  HEAT»I. 


0123456789  10 

POUNDS  OF  MATERIAL  PER  MINUTE 


POUNDS  OF  MATERIAL  PER  MINUTE 


Thermal  power  versus  heating  rote  ior  materials  oi  various  specific  heats.  The  two  graphs  are  identical  except  that  the  one 
at  the  right  is  used  ior  more  accurate  results  with  small  quantities 
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Yours  for  the  asking ! 

Everything  you  want  to  know 
about  Mallory  Electrolytic 
capacitors — types,  sizes,  elec¬ 
trical  characteristics  —  even 
data  on  test  measurements  and 
mounting  hardware! 


( thafs  true  in  more  ways  than  one ) 

No  other  capacitor  made  today  can  touch  the  Mallory  FP  for  quality  or 
dependability.  There  are  many  reasons  why  this  is  so.  Some  oi  them  originate 
in  the  extreme  precautionary  methods  exercised  at  the  Mallory  plant. 

Mallory  technicians  are  aware,  for  instance,  that  salts  (among  other  impurities) 
present  a  constant  threat  to  the  service  life  of  electrolytic  capacitors.  That’s 
why  raw  material  impurities  are  kept  to  an  absolute  minimum — actually  at 
percentages  equivalent  to  only^a  fraction  of  a  part  per  million.  That’s  why  too, 
at  the  Mallory  plant,  no  human  hand  is  allowed  to  come  in  contact  with 
capacitor  cartridges  or  their  ingredients. 

Hands  perspire.  Perspiration  contains  salt.  Therefore  workers  are  required  to 
wear  rubber  gloves.  A  small  detail,  but  an  important  one.  ''Mustn’t  touch” 
at  the  Mallory  factory  is  still  another  reason  why  Mallory  FP  capacitors 
are  used  everywhere  with  safety  and  confidence. 


lALLUK  I  CAPACITORS 
(ELECTROLYTIC,  OIL  and  WAX) 
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Method  of  Plotting  Tracking  Error 

By  E.  B.  Menzubs 

Auckland,  Hew  Zealand 


Plotting  of  a  tracking  error  curve 
is  generally  r^ckoiled  to  be  a  more 
tedious  procedure  than  the  original 
calculations  of  correct  oscillator  in¬ 
ductance  and  padding  capacitance. 

A  simple  system  for  plotting 
tracking  error  has  proved  to  have 
reasonalde  accuracy,  and  great  flex¬ 
ibility.  It  is  invaluable  where  it 
becomes  necessary,  in  the  design  of 
superheterodyne  coils,  to  make  the 
small  inductance  changes  necessary 
for  perfect  tracking. 

It  was  proposed  to  wire  the  coils 
under  test  with  their  correct  tuning 
and  padding  capacitors,  and  align 
them  in  the  normal  manner.  A  sig¬ 
nal  generator  would  be  fed  into  the 
antenna  coil  (through  the  usual 
dummy  antenna)  and  the  frequency 
of  the  beat  appearing  in  the  mixer 
plate  checked  at  various  positions 
of  the  tuning  capacitor,  perfect 
tracking  keeping  the  frequency  of 
the  beat  more  or  less  constant  at 


the  i-f  frequency.  The  next  step 
was  to  make  the  antenna  coil  pro¬ 
duce  its  own  signal  at  the  frequency 
of  the  signal  circuit  by  wiring  it  in 
an  oscillator  circuit,  and  do  away 
with  the  signal  generator  input. 

Thus,  one  section  of  the  tuning 
gang  tunes  an  oscillator  at  the  sig¬ 
nal  frequency,  and  another  section 
tunes  the  usual  local  oscillator.  If 
these  two  are  combined  in  the  nor¬ 
mal  mixer  circuit,  we  have  a  beat 
frequency  in  the  plate  circuit  equal 
to  the  normal  i-f.  By  beating  this 
i-f  signal  with  a  signal  of  the  same 
frequency  from  a  signal  generator, 
in  a  tube  such  as  a  6L7,  it  is  possi¬ 
ble  to  listen  with  headphones  in  the 
6L7  plate  circuit  to  the  tracking 
error. 

The  circuit  is  shown  in  Fig.  1. 
The  antenna  coil  is  wired  in  a 
Franklin  oscillator  circuit  and  the 
output  of  this  signal-frequency  os¬ 
cillator  is  coupled  to  the  signal  grid 


FIG.  2 — ^Loading  circuitt  for  connoctton  to 
tho  priraarios  of  emtonna  and  r*f  coils 

of  the  6K8.  The  6K8  oscillator  cir¬ 
cuit  is  normal.  The  i-f  signal  ap¬ 
pearing  at  the  plate  is  coupled  to 
the  injection  grid  of  a  6L7  detector. 
The  output  of  a  signal  generator, 
tuned  to  the  i-f  frequency,  is  fed 
into  the  other  input  grid  of  the 
6L7,  and  headphones  are  connected 
in  its  plate  circuit. 

Mixer  Output 

Although  the  signal  in  the  6K8 
plate  circuit  contains  beats  equal 
to  the  sum  and  difference  of  the  sig¬ 
nal  and  oscillator  frequencies,  as 
well  as  traces  of  both  their  funda¬ 
mentals  and  their  harmonics,  in 
practice  the  amplitude  of  the  dif¬ 
ference  frequency  (normally  used 
as  the  i-f)  is  so  large  compared 
with  the  beats  from  other  harmon¬ 
ics,  that  these  latter  may  be  almost 
disregarded.  A  bypass  capacitor  in 
the  6K8  plate  circuit  removes  some 
of  the  higher  order  harmonics. 

A  gain  control  in  the  6K8  cathode 
circuit  enables  the  operator  to  com¬ 
pensate  for  high  signal  oscillator 
output  driving  the  6K8  signal  grid 
positive. 

Fig  2A  shows  the  constants  re¬ 
quired  for  loading  the  antenna 
winding.  The  free  primary  does, 
in  most  cases,  show  self-resonance 
at  some  point  within  the  tuning 
range  of  the  secondary.  If  there  is 
self-resonance,  and  the  coupling  co¬ 
efficient  is  of  normal  value,  the 
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FACTORY  STANDARD  WITH  SPECIAL  VARIATIONS 


Uti»t  ISO 

SwMabl*  wli«r*  •  iinall  A.C. 
cM(r«l  rahiy  it  n»«d«d  or  H 
oaiMtod  to  ^ttMo  molo^ 
ivtlotonl.  i^wippod  wilh 
"tpociol"  tpring  lofltioii  coit- 
to^  which  "moko**  boloro 
iho  oriwohiro  fvliy  complolot 
Ht  hovoi.  Romoining  ormo- 
Iwro  movomont  it  takon  op  hy 
iho  contact  coil  tpring  intur- 
Inp  o  Arm,  wiping  contact- 


Soriot  R  Stopper 
Throo  botk  typot  tar  A.C.  ond 
D.C.  oporotion:  (1)  Conlinw- 
oot  rotation,  (2)  lioctricol  ro> 
tot,  (3)  Add  ond  tuhtroct.  For 
ootamotic  circuit  toloction  in¬ 
cluding  outamotic  toquonco; 
outomoHc  wovo  chonging  on 
thort  wovo  tronimiftart;  buti- 
not<  mochinot;  tololitort; 
convoyor  controlt,  otc. 


Soriot  SOO 
Midgot  Roloy 

Uto  Hiit  roloy  whoro  ipoco, 
woight  ond  moximum  powor 
doihrory  oro  primdry  tactart. 
Sturdy.  Ottart  mony  contact 
combinotiont.  Moxbnum  con¬ 
tact  control  copocMy  t  ompt. 
FMt  in  opproximotaly  1  cu. 


Soriot  A-100 
High  Froquoncy 
AISiMog  intutatad,  cow  poet, 
low  cotl.  For  ontanno  chongo 
ovor;  brook-in;  hl-voltago 
koying:  rowota  control  ol  ro- 
coivor  ond  Irantmiltar  and 


Ouordion  SwHcbot 
Switch  ottowbliot  by  Ouord- 
ion  oro  unliwitad,  ronging 
from  o  tinglo  tot  of  contact 
blodot  up  to  multipio  ttackt. 
Tho  Ouordion  Foothorub 
Switch  thown  it  octuotad  mo- 
chonicoily.  Oporotat  on  man¬ 
ual,  roll-ovor  or  com  action. 
Thoro  oro  hundrodt  of  othort. 
Contact  blodot  oro  obtainoblo 
in  photphor  bronio,  tinnod  to 
wHhttand  toH  tproy  tatt,  or 
ttandord  Ouordion  photphor 
bronxo. 


Soriot  120 

A  imoll,  compact  rotay. 
An  oconomkol  unit  do- 
tignod  for  control  up  to 
tinglo  polo  doublo  Ihraw. 
Unique  orwoture  ottom 
bly  prevontt  orcing.  Low 
priced,  yet  high  in  quol- 
Mv  ond  porformonco. 


Soriot  40  A.C. 

Lominotad  Roloy 
Ootignod  to  produco  moxi¬ 
mum  oulpvt  wHh  minimum 
curront  input.  Typkol  utot  in- 
cludo  control  coll  tytlom 
bollt;  ouxiliory  for  outamotic 
rodio  tuning;  remoto  control 
of  froc^nol  motart;  tofoty 
diKkot;  inttrumontt;  tound 
movio  ouxilioriot. 


Soriot  1-A  Solonoid 
Tho  to  riot  1-A  Solonoid  by 
Guardian  it  ono  of  numorout 
typot  for  Intermittent  ond  con- 
tinuout  duty.  Applicotiont  in- 
chido  Volvo  control  ond  opor- 
otton;  otactrkol  locking;  clutch 
ond  broko  oporotion;  motariol 
ofoettan;  tproy  gun  oporotion 
among  olhort. 


Introducing  o  new  product?  Redesigning  on  established  favorite?  You  may  be  think¬ 
ing  in  terms  of  a  "special”  electrical  control.  Yet,  a  basic  type  Guardian  Relay — 
Stepper — Contactor — Solenoid — or  Switch  Assembly  (each  adaptable  to  many  varia- 
ions)  may  meet  your  "special"  control  requirements  with  utmost  efficiency.  In  such 
applications  where  standard  Guardian  units  become  "specials,”  the  savings  in  time 
and  money  are  substantial  and  you  beat  delivery  schedules  in  the  bargain.  We  urge 
you — study  the  standard  Guardian  units  pictured  and  described  above — there  are 
many  more  fully  illustrated  in  the  Guardian  Relay  catalog  giving  complete  operating 
details  and  variable  contact  data  for  each.  Your  copy  is  waiting.  Write. 


guardianWelectric 
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coupled  reactance  of  the  primary 
mat  shift  the  resonant  frequency  of 
the  secondary  appreciably.  Figure 
2B  shows  a  loading  circuit  for  the 
primary  of  an  r-f  coil.  The  lO-fijif 
capacitor  has  been  included  as  be¬ 
ing  a  reasonably  close  approxima¬ 
tion  to  the  output  capacitance  of 
most  of  the  r-f  pentode  tubes  in 
normal  use. 

A  curve  for  normal  oscillator 
tracking  is  shown  in  Fig.  3.  In  the 
case  of  a  simple  superheterodyne, 
we  can  assume  that  the  original 
calculations  called  for  the  three 
points  of  perfect  tracking  as  600, 
1,000,  and  1,400  kc.  These  perfect 
tracking  points  show  as  crossovers 
on  the  curve. 

Method 

While  it  may  be  possible  to  posi¬ 
tion  the  1400-kc  crossover  point 
correctly  by  adjustment  of  the  par¬ 
allel  trimmers,  and  to  position  the 
600-kc  point  by  adjustment  of  the 
series  padder,  only  correct  oscillator 
coil  inductance  will  position  the  1,- 
000-kc  point  correctly.  The  effect  of 
too  high  an  oscillator  inductance  is 
to  make  the  two  higher-frequency 
crossover  points  bunch  together  at 
the  high-frequency  end  of  the  tun¬ 
ing  range,  and  to  make  the  tracking 
error  large  at  the  lower  frequency 
end  of  the  tuning  range. 

The  procedure  for  taking  a  track¬ 
ing  error  curve  is  quite  simple.  The 
antenna  and  oscillator  coils  are 
checked  first.  The  signal  generator 
is  tuned  to  the  correct  i-f  fre¬ 
quency  and  connected  to  feed  the 
6L7.  As  in  normal  alignment,  the 
trimmer  capacitors  are  adjusted  at 


1,400-kc,  the  padder  at  600-kc,  and 
the  1,400-kc  point  rechecked.  The 
proper  adjustment  is  indicated  by 
zero  beat  in  the  headphones. 

When  the  gang  is  tuned  from  the 
full-in  to  full-out  position,  if  the 
oscillator  inductance  is  correct  there 
should  be  three  points  of  zero  beat, 
600,  1,000,  and  1,400  kc.  At  other 
than  these  points  the  beat  note  in 
the  phones  will  vary  in  pitch  with 
the  position  of  the  tuning  capacitor. 

The  deviation  from  perfect  track¬ 
ing  at  any  point  may  be  measured 
by  leaving  the  gang  set  at  that 
point  and  retuning  the  signal  gen¬ 
erator  for  zero  beat.  It  is  possible 
to  determine  exactly  the  deviation 
in  kilocycles  from  perfect  tracking, 
and  to  tell  if  the  oscillator  signal  is 
high  or  low  iii  frequency.  It  is 
then  a  matter  of  minutes  to  plot  a 
curve.  With  an  intermediate  fre¬ 
quency  of  465  kc,  a  deviation  of 
about  5  kc  appears  in  order,  par¬ 
ticularly  with  a  standard  gang 
which  would  be  almost  certain  to 
show  some  inaccuracy  in  itself. 

The  procedure  in  the  case  of  an 
r-f  coil  is  to  remove  the  antenna 
coil,  substitute  the  r-f  coil,  and 
leave  all  trimmers  set  as  they  are. 
When  the  r-f  coil  primary  is  loaded 
correctly,  rotation  of  the  gang 
should  produce  a  similar  curve, 
with  little  or  no  alteration  of  the 
antenna  trimmer. 

If  the  equipment  is  made  so  that 
coil  connections  can  be  easily  and 
quickly  made,  then  a  tracking  error 
curve  can  be  made  in  a  few  min¬ 
utes.  The  system  has  proved  itself 
here  in  a  practical  way,  and  the 
accuracy  would  appear  to  be  well 


within  the  limits  of  mass-produc¬ 
tion  manufacturing  tolerance. 


Magnetron  Moilalation 

Amplitude  modulation  of  a  mag¬ 
netron  oscillator  presents  a  number 
of  difficulties,  the  most  fundamental 
being  the  nonlinear  relationship  be¬ 
tween  the  anode  and  output  volt¬ 
ages.  In  practice,  undesired  fre¬ 
quency  modulation  is  often  the  most 
serious  defect  and  the  General 
Electric  Co.  of  Great  Britain  over¬ 
comes  this  in  an  experimental 
equipment  by  modulating  the  anode 
voltage  with  a  signal  having  a 
square  waveform  and  repeating  at 
a  frequency  of  17  kilocycles  so  that 
the  magnetron  oscillates  only  dur- 
^ing  alternate  half  periods.  Audio 
modulation  is  superimposed  by  va¬ 
rying  the  duration  of  the  pulses  of 
modulation. 

In  reception,  a  lowpass  filter, 
which  can  be  the  human  ear,  con¬ 
verts  the  pulse-width  modulation  to 
amplitude  modulation. 


Hum-Reducing  Circuit 

By  Alvin  H.  Smith 

Technical  Superviaor 
Station  K8CJ 
Sioux  City,  Joica 

The  circuit  shown  in  Fig.  1  can  be 
used  to  reduce  carrier  hum  in  a 
transmitter  if  the  source  of  hum  is 
240  cps.  It  is  particularly  useful  in 
trinsmitters  having  a  Scott-con¬ 
nected  two-phase  filament  supply 
and  has  been  so  applied  in  a  five- 
kilowatt  composite  a-m  broadcast 
transmitter  at  KSCJ. 

The  a-c  output  of  the  circuit  in 
Fig.  1  is  approximately  0.5  volt  at 
240  cps.  This  voltage  may  be  fed 
into  the  audio  circuits  of  the  trans¬ 
mitter  at  any  point  desirable,  ob¬ 
serving  polarity  of  leads  for  can¬ 
cellation  of  hum,  also  ascertaining 
that  other  circuits  are  not  adversely 
affected. 

A  bridging  circuit  across  the 
transmitter  a-f  input  terminals  was 
used  at  KSCJ  to  insert  the  240-cps 
a-c  into  the  audio  circuit,  where 
after  subsequent  amplification  and 
modulation,  it  acts  to  balance  out 
the  240-cps  component  generated 


FIG.  3 — CoTTM  ghowing  th«  d*partur«  of  a  rocoWoi  oBciUotor  from  porfoct  tracking. 
Tho  dashod  cnrro  is  that  obtoinod  whon  thb  oscillator  inductonce  toIuo  is  too  groat 


130 


January,  1947  —  ELECTRONICS 


<^-w 


tKfit  ■ 


•Si 


'fn 


“ii 


K:g^1 

lvS?M 


m 


5^' 


Pittsburgh's  new  5,CX)0-watt  KQV  station 
will  shortly  offer  greatly  improved  recep¬ 
tion  to  its  expanding  radio  audience. 

Facilitating  their  transmission  to  selected 
areas  is  this  directional  array  of  five  350 
ft.  vertical  radiators,  designed  and  erected 
by  Blaw-Knox. 

BLAW-KNOX  DIVISION 

or  BLAW-KNOX  COMPANY 

2077i  Farmers  Bank  Building,  Pittsburgh  22,  Pa. 
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SHALUROSS 

Wrif  for  BvHotIns  on  any  of  tho§o  produ€t$: 


tulUtin  — 1-1 

Pracision  Wira-wovnd 
Rcsittort 

Wira-wownd  Surgt  R*tittort 
Accurate  Haovy-Duty  Power 
tetiilori 
Bulletin  —  D-3 

Kelvin-Wheatiloite  Bridget 
Wheatstone  Bridget 
Fault  Location  Bridget 
Percent  limit  Bridget 
DC  Instrument  Power  Supply 
Bulletin  —  BIO 
Standards  —  Resistance  and 
Decade  Boxes 


Bulletin  —  C-1  and  C-7 
Rotory  Selector  Switches 
Bulletin  —  G  Includes; 
Bridges,  Retitlort,  Decodes, 
etc. 

Ayrton  Universal  Shunts 
Radio  Arm  Boxes 
Voltage  Dividers 
Unmounted  Resistance 
Decades 

Portable  Galvanometers 

Megohm  Bridges 
Logarithmic  Decade  Boxes 
Telephone  Transmission 
Test  iquipment 


BuUetin  —  F 

Kilovoltmeters  and  K.V. 
Multipliers 

H.V.  Corona-Protected 
Resistors 
Bulletin  —  LRT 

low  Resistance  Test  Sett 
Decibel  RBeters 
Attenuertion  Bods 
Attenuators  —  Fixed  and 
Voricrfsle 

Potentiometers  —  step  cmd 
slide-wire 

FM  and  Television  Sound 
Components 


Shollcross  Akra-Ohm  Re¬ 
sistor  types  ore  designed 
to' meet  Joint  Arniy->lavy 
SpeciRcirtlen  JAN-R-93. 

DILIVIRKS  ON 
SHORT  NOTICI 
(Special  or  StondcHrd) 


FRcer 

THIS  HANDY 
ENGINEERING  CHART 

Complete  electrical  and  me¬ 
chanical  specifications  on  54 
Shollcross  Akra-Ohm  Re¬ 
sistors  in  convenient  wall 
and  file  chart  form. 


RESISTORS 


•  Moisture-proof,  fungus-proof,  or  hermeti¬ 
cally-sealed  types. 

•  Standard  or  special  mountings. 

•  Any  type  of  insulation  or  wire  alloy.  Tem¬ 
perature  co-efficient  control. 

The  user  of  Shallcross  Akra-Ohm  Precision  Re¬ 
sistors  has  an  assortment  of  54  standard  types 
from  which  to  choose.  You  can  get  the  exact 
needed  resistance  value,  size  and  mounting 
style  —  from  standard  stock  items.  Also, 
Shallcross  facilities  for  precision  resistor  pro¬ 
duction  are  such  that  special  adaptations  can 
be  made  on  short  notice  at  moderate  cost. 
All  types  have  special  humidity  protection. 

It  pays  to  buy  precision  products  from  pre¬ 
cision  specialists! 


SHALLCROSS  MANUFACTURING  COMPANY 
Dept.  E-1 7,  Collingdale,  Pa. 


FIG.  1 — Heaterg  and  plates  of  the  25Z5 
tubes  ore  supplied  by  the  same  winding 
that  feeds  the  34 3 A  tubes  in  the  transmitter 

in  the  transmitter.  This  connec¬ 
tion  is  shown  in  Fig.  1. 

It  is  desirable  to  experiment  with 
different  values  of  capacitance,  as 
resonance  at  250  cps  is  desired  in 
))oth  the  primary  and  secondary  cir¬ 
cuits  of  Ti.  The  wiring  should  be 
kept  out  of  strong  r-f  fields.  The 
ground  connections  should  be  made 
I  directly  to  the  center  taps  on  the 
filament  transformers,  rather  than 
just  any  transmitter  ground.  These 
precautions  are  necessary  in  order 
to  prevent  r-f  pick  up  which  pro¬ 
duces  an  undesirable  a-f  output  in 
the  240-cps  hum-reducing  circuit. 

This  circuit  is  largely  self  regu¬ 
lating  as  its  input  is  taken  from  the 
power  amplifier  filament  supply — 
both  will  increase  and  decrease  to¬ 
gether.  The  25Z5  tubes  must  be 
matched  for  best  results. 

As  pointed  out  by  Loy  E.  Barton 
“Hum  Compensator  for  Broadcast 
Stations,"  (BCA  Broadcast  News, 
Feb.  1936),  the  predominate  hum 
frequency  using  a  GO-cps  supply  is 
240  cps.  This  fact  was  verified  by 
the  use  of  a  General  Radio  sound 
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analyzer. 

With  14  db  of  inverse  feedback 
in  the  KSCJ  transmitter,  the  fol¬ 
lowing  readings  were  obtained,  be¬ 
fore  the  hum-reducing  circuit  was 
connected :  at  60  cps,  —68  db  below 
100  percent  modulation ;  at  120  cps, 
—56  db;  at  180  cps,  —67  db;  at 
240  cps,  —47  db;  and  at  360  cps, 
-60  db. 

Using  14  db  of  inverse  feed-back, 
the  noise  reading  on  a  General  Ra¬ 
dio  distortion  and  noise  meter — 
used  by  many  broadcast  stations — 
was  —41.5  db.  A  carrier  noise  re¬ 
duction  of  8.5  db  was  obtained  with 
the  hum-reducing  circuit,  giving  a 
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AVAILABLE 

Special 

High  Conductivity 
RADIO  ALLOY 
90  tin/10  Lead 


\ 


Our  claim  is  a  simple  one.  We  believe  that  Ersin  Multicore  is  the  finest  cored  solder  in  the  world.  If  you 
are  not  already  familiar  with  our  product,  we  believe  it  can  be  of  special  assistemce  to  you  in  your  soldering 
processes  whether  you  are  manufacturing  10,000  radio  receivers  or  repairing  one  •  Ersin  Multicore  is  solder 
in  the  form  of  a  wire  containing  3  cores  of  non-corrosive  Ersin  Flux  •  You  get  a  guarantee  of  flux  continuity. 
The  Multi  core  construction  gives  you  extra -rapid  melting.  Combined  with  a  super  active  Ersin  Flux— Exclusive 
with  Multicore —you  enjoy  a  speedy  and  consistently  high  standard  of  precision  soldering  e  Available  in  5 
aioys  and  9  gauges.  Please  write  for  detailed  technical  information  and  samples. 


ERSIN  MULTICORE 


•A.  Dittriknlor:  BritUk  ladutmt  Cory.,  31S  Breadway,  Ntw  Tedi  It  N.  T-  Caaadiaa  Distrikutor;  Sai-d 
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carrier  noise  level  of  —60.0  db. 
Tests  indicated  that  the  240-cps 
component,  for  all  practical  pur¬ 
poses,  was  eliminated.  From  a  lis¬ 
tening  standpoint  this  8.5-db  reduc¬ 
tion  is  very  pronounced,  as  240  cps 
is  readily  passed  by  most  receivers 
and  the  ear  is  fairly  ^misitive  at 
that  frequency 


Mechanical  Klystron 
For  Demonstration 

A  SIMPLE  but  excellent  model  illus¬ 
trating  klystron  action  is  shown  in 
the  accompanying  illustration. 

It  consists  of  a  balanced  hori¬ 
zontal  hollow  arm  mounted  on  two 
adjustable  spring  hinges  represent¬ 
ing  the  tunable  resonator.  At  one 
end  of  the  arm  a  piece  of  close-mesh 
gauze  represents  the  catcher  grid 
and  at  the  other  end  is  an  almost 
vertical  nozzle  fed  with  water 
through  the  hollow  arm  and  a  flex¬ 
ible  rubber  tube.  The  whole  ar¬ 
rangement  resembles  a  pair  of 
scales  with  the  jet  of  water  set  to 
shoot  up  in  the  air  and  to  impinge 
on  the  gauze  as  it  falls. 

Starting  from  rest,  the  random 
motion  of  the  water  breaking  into 
globules  produces  sufficient  agita¬ 
tion  (corresponding  to  electronic 


The  new  die-cast  bearing  brackets  on  Smooth 
Power  MX  Phonomotors  make  them  all  ’round 
better  motors.  They  allow  more  accurate  centering 
of  the  motor  in  the  Reid,  which  results  in  an  even 
torque  and  aids  in  the  elimination  of  vibration. 

This  improvement  is  t3rpical  of  the  advanced 
engineering  that  features  our  complete  line  of 
motors,  recorders  and  combination  record-changer 
recorders.  Their  quick  pick-up  to  full,  constant 
8p>eed,  their  quietness  and  freedom  from  vibration 
and  wow  ...  all  will  delight  you  and  your  customers. 

Your  own  fine  products  will  give  smoother 
performance  when  they’re  equipped  with  Smooth 
Power  mechanisms. 


-WATER  STREAM 


-SPRING  HINGES 


■WATER  FEED  PIPE 


-WATER  BUNCHES 


GAUZE 

GRID 


When  the  water  stream  starts  flowing,  it 
hits  the  gauze  grid  and  starts  the  see-sow 
action.  The  result  is  spurts  of  water  being 
thrown  to  the  gauze  grid  much  like  the 
electron  bunching  in  o  klystron 
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Washer  permanently  fastened  on,  yet 
free  to  rotate.  Easier,  faster  driving. 
No  fumbled,  lost  or  forgotten  woshers. 
Matching  finish  on  both  ports.  Easier 
ordering  ond  bolonced  inventories. 


Increase  assembly  speed  up  to^50%! 
Cut  down  injuries  to  workers  with  no 
burrs,  no  skids  Reduce  production  costs. 
Reduce  rejects!  Improve  product  ap¬ 
pearance!  Go  modern  with  Phillips! 


The  latest  type  recessed-head  screw. 
Screw  locks  on  driver.  Can't  fall  off 
No  screw-driver  slippage.  Easy  to  as¬ 
semble.  Exceptional  driver  life.  Ordi¬ 
nary  screw-driver  may  also  be  used. 


Scovill  is  expert  in  cold-forging  unusual 
speciol  fastenings,,  such  as  the  one 
shown.  Scovill  designing  ability,  engi¬ 
neering  skill,  men  and  machines  save 
money  for  customers.  Consult  Scovill!  ■ 
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agitation)  to  initiate  oscillation  of 
the  ‘  arm,  providing  that  the  jet 
velocity  is  correct.  The  jet  then 
starts  rocking  with  simple  har¬ 
monic  motion  as  the  globules  hit 
the  gauze  grid  and  so  the  water 
globules  are  modulated  in  velocity. 

Dur.ing  one-half  of  the  stroke, 
the  water  is  accelerated  and  during 
the  other  half  retarded,  with  the 
result  that  the  drops  bunch  in  a 
most  striking  manner  and  when  the 
system  is  tuned  correctly  they  hit 
the  gauze  on  its  downward  path  and 
so  maintain  oscillation.  Thus,  over 
one  cycle  more  energy  is  given  to 
the  system  than  is  absorbed  by 
friction. 

A  model  on  these  lines  is  partic¬ 
ularly  suited  to  explain  klystron 
action  as  bunching  is  quite  plain 
from  the  droplets  of  water  in  mid 
^r  and,  when  the  jet  velocity  is  in¬ 
correct  (corresponding  to  improper 
beam  voltage),  the  oscillations  do 
not  build  up  or  even  maintain  them¬ 
selves.  The  model  described  was 
built  by  the  research  laboratory  of 
the  British  Thomson-Houston  Co. 


IkSStmWK 


Riassio 
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Carrier  Failure  Alarm 


By  Richard  E.  Thornton 
studio  Engineer 
Station  KXYZ 
Houston,  Texas 


This  station  has  an  auxiliary 
transmitter  in  the  same  location  as 
the  control  room  and  studios,  and  it 
became  a  problem  for  the  studio 
staff  to  efficiently  employ  the  aux¬ 
iliary  transmitter  when  the  regular 
five-kilowatt  transmitter  went  off 
the  air  due  to  power  failures  and 
other  emergencies. 

The  regular  monitoring  system  in 
the  control  room  weis  capable  of 
being  fed  off  the  audio  output  of  a 
monitoring  receiver,  but  during  bad 
weather  and  lightning  storms  was 
practically  impossible  to  use  for 
program  purposes.  Several  pro¬ 
cedures  and  systems  were  suggested 
but  were  not  satisfactory.  Upon 
several  occasions  the  regular  trans¬ 
mitter  was  off  the  air  for  several 
minutes  before  the  studio  operator 
was  notified,  due  to  unavoidable 
complications. 

-An  alarm  system  was  incorpo¬ 
rated  in  the  receiver  itself,  thereby 
reducing  size  of  unit  necessary, 
wiring,  and  simplicity.  An  RC  com- 


Look  at  the  fastenings  you’re  now  using— and  see  if  they're 
the  best  for  the  job.  Get  better  results— at  less  cost— with 
modern  fastenings.  If  you  use'fastenings  in  large  quantities, 
it  will  pay  you  to  find  out  what  Scovill  can  do  for  you.  Fill 
out  and  mail  the  coupon  below— now/ 

MAIL  COUPON  TODAY! 


manufacturihg 

.riVsCREW  PROOU 
iuE  48,  CONN. 

ieoviHStMSWash*' 

ScovlHClOTCHHEA 

Scoyi»>  Sp**'®' 


QUALITY  FASTENERS 
FOR 

QUANTITY  CUSTOMERS 
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THE  VITAL  LINK 


EVERY  INDUSTRY 


In  applications  where  life  itself  may  be  involved,  as  well  as  in 
every-day  industrial  applications,  WILCO  COt  TACTS  assure  a 
steady,  uninterrupted  flow  of  power.  WILCO  CONTACTS 
function  dependably  in  every  range  of  freque.Tcy  operations 
by  bringing  to  each  operation  requisite  ductility,  hardness, 
density,  freedom  from  sticking,  low  metal  transfer,  high 
conductivity  and  arc- resistance. 

•  You,  too,  can  depend  on  WILCO  CONTACTS  to  keep  the 
power  flowing  in  your  products  through  the  matchless  qualities 
provided  by  exclusive  WILCO  processes.  WILCO  engineers 
will  gladly  help  you  select  from  a  great  variety  of  available 
WILCO  contact  materials  the  particular  contacts  suited  to  your 
needs — or  develop  new  alloys  for  special  purposes. 

THE  H.  A.  WILSON  COMPANY 

105  Ch«$tnut  Street,  Newark  5,  N.  J.  e  Branch  Offices:  Chicago,  Detroit,  Los  Angeles 

mClALlSTS  FOR  30  YEARS  IN  THE  MANUFACTURE  OF  TNERMOHnALS  •  ELECTRICAL  CONTACTS  •  PRECIOUS  METAL  BIMETALLIC  PRODUCTS 
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WILCO  PRODUCTS  INCLUDE: 

CONTACTS 

Silver  •  Platinum  •  Tungsten  •  Alloys 
Sintered  Powder  Metal 

THERMOSTATIC  BIMETAL 

All  temperoture  ranges,  deflection 
rates  and  electrical  resistivities. 

SILVER  CLAD  STEEL 
JACKETED  WIRE 

Silver  on  Steel,  Copper,  Invar  or 
other  combinations  requested. 

ROUED  GOLD  PLATE  AND  WIRE 
NI-SPAN  C* 

New  Constant  Modulus  Alloy 
SPEOAL  MATERIALS 

*  R^c.  Trmdm  Mark.  Tha  lataraationa]  Nickal  Co.,  tar. 


Brush  SfngIe>Cliaan«I  Mogosfic 
OaeBlograpb  with  ampUBer.  £sp«< 
cialljr  Muitmd  /or  strain  gauge, 
temperature  and  similar  recordings. 


Brush  Ostillographs  mcke  dirett-inking  retordings 


Brush  Magnetic  Oscillographs  may 
be  used  for  making  detailed  record¬ 
ings  of  electrical  impulses  for  an  al¬ 
most  limitless  number  of  applications. 
The  Magnetic  Pen  Motor  is  capable 
of  recording  a  D.C.  signal.  Used  with 
the  BL-905  amplifier,  the  frequency 
range  is  from  .2  to  100  cycles  per 
second.  Recordings  are  direct,  instan¬ 
taneous,  ink-on-paper  graphs.  Can  be 
used  for  recording  strains,  pressures, 
vibrations,  temperatures,  light  inten¬ 
sity  and  countless  other  phenomena. 


Brush  Double-Channel  Magnetic 
Oscillographs  /or  use  where  two 
simultaneous  recordings  are  desired 
—  as  in  synchronising  problems. 


Write  today  for  detailed  bulletin. 


UllUOn  Development  Company 

3415  PERKINS  AVENUE  •  CLEVELAND  14,  OHIO 

Canadian  Kepresentatives: 

A.  C.  Wicicman  (Canada)  Ltd.,  P.  O.  Box  9,  Station  N,  Toronto  14 


TUBES  AT  WORK  (continued) 

bination  was  used  between  the  out¬ 
put  transformer  and  the  plate  of 
the  first  audio  stage,  so  that  the 
feedback  level  would  be  appreciably 
more  than  monitoring  level.  The 
output  of  the  receiver  speaker,  with 
carrier  on,  was  not  enough,  how¬ 
ever,,  to  impair  monitoring  on  the 
regular  master  control  room 
speaker.  In  this  way,  the  receiver 
may  be  tuned  and  audio  level  set 
satisfactory  to  the  operator  on  duty. 
As  long  as  the  carrier  is  on,  static- 
free  monitoring  off  the  transmitter 
bus  is  accomplished.  If,  for  any 


Simple  addittons  to  the  dicuit  of  a  moni¬ 
toring  receiver  form  a  carrier  failure  alorm 


reason,  the  carrier  ceases,  the  relay 
switches  in  the  feedback  circuit, 
and  the  resulting  tone  signal  over¬ 
rides  any  level  that  the  monitor  may 
be  feeding  to  master  control. 

Circuit 

An  extra  i-f  transformer  was 
coupled  to  the  plate  of  the  last  i-f 
stage  through  a  small  coupling  ca¬ 
pacitor.  The  secondary  of  the  added 
unit  was  tied  to  the  plates  of  a 
6H6  and  a  sensitive  relay  inserted  in 
series  with  the  cathodes  of  the  6H6, 
as  shown  in  the  diagram.  A  one-ma 
relay  performs  admirably.  A  ca¬ 
pacitor  was  tied  across  the  relay 
winding  to  prevent  chatter  due  to 
modulation. 

Adjustment  of  the  unit  is  not 
critical.  The  carrier  is  applied  to 
the  antenna  input  terminals  of  the 
receiver  and  the  r-f  gain  advanced 
on  the  receiver  to  a  point  slightly 
beyond  that  necessary  to  actuate  the 
relay.  This  advance  is  necessary 
due  to  the  fact  that  slightly  more 
current  is  required  to  reset  the  re¬ 
lay  when  the  carrier  comes  back 
on  after  a  dropout  than  is  necessary 
for  initial  adjustment.  The  i-f 
transformer  is  tuned  to  resonance 
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With  Leading  Stations  from  Coast  to  Coast 


FM  b,  Federal 


Federal  Telephone  and  Radio  Corporation 


In  Canada  :—recl«ral  Elactric  Manufacturing  Company,  Ltd.,  Montrdol. 

Export  Dlttributorst— Intarnational  Standard  Elactric  Corp.  67  Iroad  St.,  N.Y.C. 


Nawark  1, 
Now  Jartay 


FEDERAL’S  SQUARE  LOOP  ANTENNA 


MULTIPLIES  POWER  OUTPUT 


Today,  station  operators  everywhere  look  to  FM 
for  finer  broadcasting.  And  they  look  to  Federal 
for  the  finest  in  FM.  Already,  Federal  equipment 
is  on  the  job  in  major  FM  stations  throughout 
the  country— setting  new  records  for  performance 
and  dependability. 

Remember  that  FM  by  Federal  means  com¬ 
plete  equipment— and  complete  service,  too.  For 
Federal  can  supply  your  entire  transmitting  sys¬ 
tem,  from  microphone  to  antenna— all  compon¬ 
ents  precision  engineered  and  designed  to  work 
together.  And  Federal  will  see  the  job  through 
until  your  station  is  on  the  air.  Factory-trained 
engineers  will  supervise  installation,  tune  the 
equipment,  and  instruct  your  personnel  in  its 
operation  and  maintenance— all  without  extra 
charge.  For  complete  information,  write  today 
to  Dept.  B-213. 


The  8-Element  Square-Loop 
Antenna  —  an  outstanding  Fed¬ 
eral  development  —  gives  your 
FM  station  an  effective  radi¬ 
ated  power  more  than  eight 
times  that  of  the  transmitter 
rating.  A  single  adjustment  per 
loop  tunes  for  any  frequency 
from  88  to  108  me.  Complete 
antenna  and  rugged  supporting 
tower  are  designed  to  withstand 
heavy  winds  and  icing  loads. 


FEDERAL  FM  TRANSMITTERS  FEATURE 


FREQUERMTIC MODULATOR 


The  “Frequematic"  modula¬ 
tor  an  exclusive  feature  of 
every  Federal  FM  transmit¬ 
ter— assures  outstanding  fi¬ 
delity  and  mean  carrier  sta¬ 
bility.  Simple  all-electronic 
circuits  with  standard  re¬ 
ceiver  tubes  simplify  initial 
alignment  and  reduce  main¬ 
tenance  expense.  Holds  cen¬ 
ter  frequency  within  .001%. 
Signal-to-noise  ratio  re¬ 
duced  to  5600-to-l. 
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by  means  of  maximum  reading:  on 
a  0-5  ma  meter  in  series  with  the 
cathodes  of  the  6H6. 

Since  installation,  there  have 
been  no  failures  of  the  alarm  and 
it  has  saved  quite  a  bit  of  other¬ 
wise  lost  broadcast  time. 


Pulse  Deteclur  as — 

Noise  Limiter 

A  METHOD  of  c-w  reception  with¬ 
out  noise  has  been  demonstrated  in 
several  cities  around  the  country 
by  Don  L.  Kings,  vice-president  of 
Electronic  Laboratories  in  charge 
of  research. 

Called  a  pulse  detector,  the  equip¬ 
ment  consists  of  a  six-tube  unit  that 
is  attached  to  a  conventional  com¬ 
munications  receiver.  Its  circuits 
operate  to  prevent  noise  from  en¬ 
tering  the  audio  stages  of  a  receiver 
and  when  a  c-w  signal  is  received, 
it  allows  a  local  audio  oscillator  to 
feed  the  loudspeaker  and  reproduce 
the  keyed  signals.  Essentially  it 
distinguished  the  difference  be¬ 
tween  the  decaying  waves  of  noise 
and  the  continuous  waves  of  a  de¬ 
sired  signal. 

The  pulse  detector  functions 
somewhat  inversely  to  the  usual 
methods  of  continuous  wave  recep¬ 
tion.  The  detector  circuit  is  limited 
by  a  low-impedance  gating  circuit, 
which  dissipates  energy  during  the 
short-circuiting  interval.  As  a  re¬ 
sult,  the  detector  load  circuit  re¬ 
ceives  the  lower  amplitude  of  de¬ 
caying  waves  at  the  low  gating  level 
and  no  wave  form  exists  on  the  de¬ 
tector  load  circuit  during  the  c-w 
interval. 

The  decaying  waves,  developed 
from  general  noise  or  even  from 
conversion  noise  in  the  receiver,  are 
amplified,  limited  and  rectified  and 
the  relatively  constant  d-c  compon¬ 
ent,  unless  interrupted  by  a  contin¬ 
uous  wave  at  the  detector,  is  used 
as  bias  to  control  a  balanced  am¬ 
plifier  that  is  excited  by  the  tone 
generator. 

Operating  values  are  generally 
set  on  the  receiver  so  that  gating 
occurs  with  approximately  one  mi¬ 
crovolt  of  input  signal.  Anything 
in  excess  of  this  has  no  detrimental 
effect.  Consequently,  automatic 
volume  control,  noise  limiting  and 
beat-frequency  oscillators  are  not 
required  in  this  system  of  continu¬ 
ous-wave  reception. 


By  American  Standards  Association  (^Bulletin 
C75.17-1944)  as  being  exceptionally  well- 
suited  for  establishing  a  uniform  method  of 
noise- testing  fixed  composition  resistors.  The 
high  sensitivity,  averaging  type  of  indication, 
and  stable  operation  make  the  above  com¬ 
bination  ideal  for  making  noise  measure¬ 
ments.  Model  300  Voltmeter  reads  from  .001 
to  100  volts  and  Model  220  Decade  Amplifier 
supplies  standardized  gains  of  lOx  and  lOOx. 
Frequency  range  10  cycles  to  150  kilocycles. 

Descriptive  bulletin  availtAle 


BALLANTINE  LABORATORIES,  INC 

■OONTON,  NEW  JERSEY,  U.S.A. 
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A  S  1 


Than  Any  Other  Nuts,  Regardless  of  Price 


SEIF-RETAINING 


WILL  NOT  ''FREEZE'*  TO  THREADS 

^  Having  no  thraodf,  SPEED 
NUTS  will  not  “frMza"  to  rust- 
ing  bolts.  Thoy  can  bo  oasily 
I  <  romovod  at  any  timo  for 
servicing  or  replacing.  You’ll  save  the 
repair  men  a  lot  of  cussing. 


1  jlT| Ti  Many  types  of  SPEED  NUTS 
|lock  themselves  in  screw- 
receiving  position  for  “blind” 
location  assembly,  eliminating  expensive 
welding,  riveting  or  clinching  operations. 


SPEED  NUTS  prevent  vibration 
1^  V  loosening  because  they  pro- 
i  /  vide  a  doubfo  spring-tension 
^  lock  that  absorbs  vibration  in- 
Md  of  merely  rmsistmg  it.  Insures  o 
ht  attachment  for  the  life  of  the  product. 


tLike  a  one  man  band,  many 
special  types  of  SPEED  NUTS 
.  perform' multiple  functions,  re¬ 
placing  two  or  more  parts. 
SPEED  NUT  prongs  can  be 
incorporated  in  almost  any  shape  or 
form  to  do  the  fob  easier  and  faster. 


RING  TENSION  RESILIENCY 


In  the  assembly  of  porcelain 
/  X  enamel,  plastic  or  glass  parts, 
#  SPEED  NUTS  provide  the  ten- 

^  sion  necessary  for  a  tight 

assembly,  yet  are  sufficiently 
resilient  to  prevent  damage 
due  to  expansion  and  con- 
iction,  vibration  or  shock. 


Because  they  are  made  of 
sheet  metal  instead  of  bar 
stock,  SPEED  NUTS  are  in  the 
“featherweight”  class  com- 
pared  with  threaded  nuts.  By 
eliminating  lock  and  spanner 
washAs  and  other  unneces¬ 
sary  parts,  weight  is  reduced  still  further. 


LOCK  ON  UNTHREADED  STUDS 


“Push-On”  SPEED  NUTS  need  only  be 
pushed  over  rivets,  nails,  tub- 
ifllk  ing,  or  unthreaded  studs  to 
lock  parts  so  securely,  you 
^  1  H  ^  can’t  wrestle  them  off.  Costly 
threaded  inserts,  drilling  and 
tapping  are  eliminated— molding  costs 
reduced — assembly  speeded  ug. 


SPEED  NUTS  put  wings  on  your 
/  assembly  lines  because  they 
start  easier,  pull  down  faster 
and  no  wrench  is  required  to 
keep  them  from  turning.  Made 
(0  for  use  with  coarse-thread  sheet 
elal  screws,  requiring  fewer  turns  to 
|hten,  for  still  faster  application. 


SPEED  NUTS  give  you  free  in- 
surance  against  shipping  dam- 
age.  They  provide  a  resilient 
lock  that  defies  loosening  and 
prevents  cracking  of  enamel  and 
glass.  With  SPEED  NUTS,  your  products  will 
reach  your  customers  in  perfect  condition. 


^  Having  no  threads,  SPEED 

NUTS  cannot  clog  with  point. 
%  No  assembly  delay  for  re- 

tapping  threads.  This  is  par- 
29  ticularly  important  where 

SPEED  NUTS  are  permanently 
attached  to  parts  for  blind  assembly. 


You  can  boot  lock  washers 
out  the  window,  for  SPEED 
^  /  NUTS  are  self- 

^  ^  locking.  They 

r  cut  both  mat-  / 

erial  and  han- 

ing  costs.  Because  of  their  / 
ide  bearing  surface,  SPEED  ^ 

UTS  also  can  eliminate  the  / 

>•  of  spanner  washers. 


We’re  not  fooling  about  these 
advantages.  They  are  very  real 
and  worth-while  as  any  SPEED 
,  NUT  user  will  tell  you.  Rush 
your  assembly  problems  to  us 
now,  giving  complete  details. 
I  We’ll  show  you  which  of  the 
1(4000  shapes  and  sizes  will  do 
4the  trick  for  you. 


COMPENSATING  THREAD  LOCK 


PkwNViS 


CANADA; 

Wallac*  SaniM,  Cm.,  LM. 
Ontario 

BKIAND: 

^aononrf*  Aorocoatorlot,  LM. 
Und«ii 


SELF-ENERGIZING  \ 
SPRING  LOCK 

DOUBLE-LOCKED 

POSITION 


PRE-LOCKED 

POSITION 


2106  Feltop  Road,  Clovolood  13,  Ohio 


lERMAN  PRODUCTS,  INC 


mils  a  sample  color,  it  is  analyzed 
by  spectrophotometry  and  the  re¬ 
sulting  color  curve  is  matched  as 
closely  as  possible  with  one  of  the 
curves  in  the  library.  An  experi¬ 
enced  color  mixer  knows  what  in¬ 
gredients  must  be  added  to  make 
the  curves,  and  the  colors,  match 
perfectly. 


INDUSTRIAL  CONTROL 


Color  Matching  Frit . 

Vacu\im-Tube  Acceleration  Kckup 
Electronic  Magnetometer . 


Color  Matching  Frit 


Vacuum-Tube 

Acceleration  Pickup 

Capable  of  measuring  accurately 
the  rapidly  changing  accelerations 
to  which  various  parts  of  an  air¬ 
plane  are  subjected  in  flight,  a  new 
electronic  tube  has  been  developed 
at  the  National  Bureau  of  Stand¬ 
ards  under  the  direction  of  Dr. 
Walter  Ramberg.  It  is  proving  use¬ 
ful  in  such  applications  as  the 
measuring  of  accelerations  in  por¬ 
tions  of  the  body  of  “dummy”  pilots 
and  living  subjects  when  subjected 
to  critical  acceleration  during  crash 
landings  or  seat-ejections  from  jet- 
propelled  airplanes. 

The  tube  contains  a  fixed,  indi¬ 
rectly  heated  cathode  with  two 
plates,  one  on  either  side,  and  elas¬ 
tically  mounted  to  deflect  in  re¬ 
sponse  to  acceleration  normal  to 
the  plane  of  the  plates.  The  deflec¬ 
tion  causes  a  change  in  plate  cur¬ 
rent  proportional  to  the  accelera¬ 
tion  and  such  changes  in  current 
are  recorded  on  an  oscillograph. 

The  elastic  plate  mounting  gives 
a  fundamental  frequency  of  about 
800  cps,  so  that  the  tube  can  record 
accelerations  with  frequencies  up 
to  200  cps.  So  far,  95  of  the  tubes 
have  been  built  and  tests  conducted 
at  the  Bureau  on  the  latest  type 
tubes  have  proven  them  to  have  the 
desired  natural  frequency  with  an 
output  proportional  to  acceleration 
normal  to  the  plates.  For  an  accel¬ 
eration  of  the  order  of  10  times 
gravity  the  output  is  of  sufficient 
magnitude  to  record  directly  on  a 
standard  oscillograph  without  an 
auxiliary  amplifier. 

Computation  of  the  fundamental 
frequency  of  the  plate  structure  for 
bending  normal  to  the  plate  was 
done  by  treating  the  structure  as 
an  elastic  system  with  a  concen¬ 
trated  mass  at  the  center  of  gravity 
of  the  plates  and  distributed  masses 


Pemco  Corporation,  Baltimore, 
simplifies  the  matching  of  porcelain 
enamel  and  glass  colors  and  pro¬ 
vides  a  constant  quality  control 
check  with  a  G-E  recording  photo¬ 
electric  spectrophotometer.  It  is 
expected  to  save  from  two-thirds  to 
three-fourths  of  the  time  needed  to 
match  colors  at  Pemco,  as  compared 
to  former  methods. 

The  company  manufactures  por¬ 
celain  enamel  and  glass  colors  and 
“frit”,  the  raw  material  of  porce- 
laiif  enamel  before  it  is  fused  to 
metal,  and  must  frequently  produce 
colors  to  match  samples  sent  in  by 
customers.  Before  adoption  of  the 
spectrophotometer  the  technique 
was  visual  comparison.  This  tech¬ 
nique  was  difficult  and  often  inac¬ 
curate,  because  under  certain  light¬ 
ing  conditions  two  colors  may 
appear  matched  to  one  person  and 
mismatched  to  another. 


An  operator  makes  a  test  with  the  G-E 
spectrophotometer.  The  instrument  meas¬ 
ures  and  records  curves  of  over  two 
million  shades  of  color 


A  library  of  over  1,000  color 
curves  of  known  composition,  rep¬ 
resenting  every  porcelain  enamel 
and  glass  color  produced,  has  been 
established  since  installation  of  the 
instrument.  When  a  customer  sub- 


ELECTROSTATIC  PAINTING 


Point  particles,  sproyed  at  woter  heater  casings,  are  distributed  uniformly  by  the 
electric  field  between  verticol  rods  charged  by  Ronsburg  Co.  equipment 
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Unique  L@C  High  Fre 


High  Power  Resistor  for  Television/ 


FM/  and  uielectric  Heating  Applications 
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Inside  IRCs  new  Type  LP  resistor  a 
high  velocity  stream  of  water  flows 
in  a  spiral  path  against  the  metallized 
resistance  film  and,  through  cen¬ 
trifugal  force,  maintains  ftitimate 
thermal  contaa  with  the  entire  sur¬ 
face.  Interchangeable  intake  nozzles 
permit  adjusting  the  rate  of  water 
flow  and  therefore  the  cooling  action 
to  suit  local  water  pressure  and  power 
dissipation  up  to  5  K.W. 

A  resistance  film  less  than  0.001" 
thick,  with  an  aaive  length  consider¬ 
ably  less  than  14  wave  length  at 
FM  and  television  frequencies, 
gives  good  inherent  frequency  char* 
k  acteristics. 


The  mechanical  desim  permits  direct 
mounting  on  the  end  of  a  coaxial  line 
with  both  water  intake  and  outlet 
conneaions  at  R.F.  ground  potential. 
Resistor  elements  are  interchangeable. 
Different  values  or  service  replace¬ 
ments  can  be  readily  installed  ia 
the  field. 

The  IRC  Type  LP  Liquid  Cooled 
High  Frequency  High  Power  Unit  is 
the  latest  in  IRCs  continuing  de-' 
velopment  of  resistors.  It  is  available 
in  resistance  values  of  35  ohms  to 
1500  ohms:  Resistance  tolerance: 
±15%  standard.  Tolerances  of  ±10% 
and  ±5%  can  be  supplied  at  in4 
creased  cost. 


For  specific  tnpneering  information  contact  your  IRC  Sales  Engineer  or  write  Dept. '  1-A, 


INTERNATIONAL  RESISTANCE  CO. 

401  N.  BROAD  ST.,  PHILADELPHIA  8,  PA. 

In  Canada:  International  Resistonce  Co.,  Ltd.,  Toronto,  Licensee 


f- 


the  G-R  EXPERIMENTER? 


•  The  Greneral  Radio  Experimenter  is  sent  WITH¬ 
OUT  CHARGE  each  month  to  scientists,  en¬ 
gineers,  technicians  and  others  interested  in 
communication-frequency  measurement  and  con¬ 
trol  instruments.  It  has  been  published  continu¬ 
ously  since  1926.  Each  month  it  contains  eight 
pages  of  articles  describing  new  G-R  instruments, 
new  ways  of  using  G-R  equipment,  and  numerous 
applications  of  a  general  engineering  nature. 

Included  in  recent  issues  have  been  articles  on 
such  subjects  as:  peak-reading  u-h-f-voltmeter; 
output  systems  of  signal  generators ;  new  VARIACS ; 
multiple  photos  with  the  Microflash;  measuring 
lateral  motions  in  a  rotating  system;  new  amplifier 
and  null  detector;  constant  waveform  frequency 
meter;  series  and  parallel  components  of  im¬ 
pedance;  improved  megohmmeter  for  a-c  oper¬ 
ation;  a  light  source  for  microsecond  photog¬ 
raphy,  etc. 

To  be  placed  on  the  mailing  list  to  receive  the 
Experimenter  regular  ly,  merely  fill  in,  clip  and  mail 
the  coupon  below;  or  supply  ALL  of  the  informa- 

e 

tion  requested  ...  a  post  card  will  do. 

MAIL  NOW!  PLEASE  FILL  IN  COMPLETELY 


TO:  General  Radio  EXPERIMENTER,  275  Mass.  Ave.,  Cambridge  39,  Mass. 
Enter  my  COMPLIMENTARY  subscription  to  the  G-R  EXPERIMENTER. 

Name  (print) . Company  Name . 

Company  Address . 


Street  City  and  Zone  No. 

M7 

Type  of  Business . Your  Title. 


GENERAL  RADIO  COMPANY 


Cambridge  39, 
Massachusetts 


90  West  St.,  New  York  6 


920  S.  Michigan  Ave.,  Chicago  5 


950  N.  Highland  Ave.,  Los  Angeles  38 
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in  the  supporting  wires,  which  are 
subject  to  flexure  and  torsion  by 
the  vibration  of  the  plate  normal  to 
its  plane.  The  diameters  and 
lengths  of  the  wires  were  computed 
to  give  a  fundamental  frequency  in 
this  mode  in  the  range  of  750  cps. 
The  natural  frequencies  of  vibra¬ 
tion  in  .other  modes  were  estimated 
to  be  much  higher. 

To  determine  the  fundamental 
frequency  experimentally,  the  pick¬ 
up  was  connected  into  a  Wheatstone 
bridge  with  a  cathode-ray  oscillo¬ 
scope,  and  the  pickup  tapped  with  a 
pencil  or  finger.  The  output  on  the 
oscilloscope  was  matched  against 
the  output  of  an  audio  oscillator  at 
a  known  frequency.  The  tubes 
tested  had  certain  disadvantages. 
The  zero,  or  reference  point,  tended 
to  drift  gradually  with  time  for 
most  of  the  tubes  and  a  warming  up 
pqriod  of  about  16  minutes  was  re¬ 
quired  to  reach  equilibrium.  How¬ 
ever,  these  disadvantages  may  not 
be  serious  in  recording  rapidly 
changing  accelerations  over  a  short 
period  of  time. 


UAKER  CITY  GEAR  WORKS,  INC. 

1918  NORTH  FRONT  ST. 
PHILADELPHIA  11.  PENNA. 


Til*  vacuum-tub*  acc*l*rotion  pickup  con- 
•UU  of  o  fixod.  indiroctly  h*at*d  cothod* 
with  olostically  mountod  plot**,  on*  on 
*ith*r  tid*.  at  shown  at  right 

For  applications  in  which  the 
high  output,  high  natural  fre¬ 
quency,  high  capacitance,  and  line¬ 
arity  are  useful,  the  advantages 
may  outweigh  the  disadvantages  of 
zero  drift,  warming  up  time,  high 
power  consumption  (about  7  watts 
for  tube  and  Wheatstone  bridge) 
and  the  need  of  filtering  to  remove 
natural  frequency  response. 

The  high  capacity  of  the  pickup 
is  advantageous  in  recording  accel- 
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^  This  one  has  Regulation  Accuracy  to  ^  ^ 

.  .  .  3.5%  of  0.1  Mi/liamperes  Load 

LOW-CURRENT,  HIGH-VOLTAGE  D-C  POWER  SUPPLY  IS  COMPAa, 
LIGHT  IN  WEIGHT— HAS  PREVIOUSLY  UNOBTAINABLE  FEATURES 

These  new  small,  light-weight  a-c  to  d-c  power  supply  units  are  especially  built  for  preci¬ 
sion  work.  They  have  a  number  of  highly  desirable  features  which  make  them  suitable  for 
supplying  the  high  potential  necessary  for  cathode-ray  tubes,  television  camera  tubes  and 
radar  indicator  scopes,  electron  microscopes,  and  other  jobs  where  unusually  low  regulation, 
light  weight,  and  small  size  are  primary  considerations. 

The  unit  shown  here  (Cat.  8317502)  will  supply  7  kv  at  0.1  milliamperes  d<  output.  The 
regulation  does  not  exceed  3-5%  per  0.1  milliamperes  load,  and  15^©  0.5  milliamperes 

maximum  load.  The  ripple  on  the  output  voltage  is  less  than  1%.  This  unit  is  manu¬ 
factured  for  215  volts,  10,000  cycles,  a-c  input.  An  additional  pair  of  terminals  is  pro-^ 
vided  to  supply  45  volts  a-c  when  215  volts  are  applied  to  the  input  terminal. 

This  completely  self-contained  hermetically  sealed  rectifier  will  meet  Army 
and  Navy  specifications  both  in  the  matter  of  design,  and  as  to  its 
ability  to  withstand  mechanical  shock  'and  operate  continu- 
«  ously  for  long  periods  of  time.  It  is  designed  to  t 
operate  in  ambient  temperatures  ranging 
jO— from  -40C  to  -f60C. 


•  Precision  stability 

*  Light  waight  (8  lb) 

•  Small  size  (6  by  6  by  7  In.) 

*  Selenium  elements 

*  Only  one  high-voltage  terminol  ex,  esed 

*  Filter  has  low  energy  storage 

*  Readily  mounted 

•  Oil  filled  for  strength 

•  Hermetically  sealed 

•  Con  be  used  as  tank  circuit  of 
on  oudio  oscillator* 


Oe  iMnMikaMy 
oEE*EEEEo^E 

««ipply  Milt  7  kv  (4.4  ai  mM- 


TIm  McMator  tab*  ■QrwSy  «iMd  i*  ■  4' 
int  Irv^wwcy  is  KMWO  cydM. 


GENERAL  ELEGRIC  COMPANY  Appanhn  Dffft 

Section  401-44,  Schanactody  5,  N.  Y. 

Pleats  submif  quotation  on . . Cat.  No.  8317502  roc- 

tifian,  as  illustratod. 

Ploasa  submit  quotation  on . reefifior  units,  similar  to 

Cat.  No.  8317502,  dasignad  to  moat  tha  attachad  spod- 
fleations. 


(XrrpUT  CUS^tfWT  n»c>- MW-UAMniHS 


Nomo 


Organization 
Address  . 
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erations  over  a  wide  range  and  in 
preventing  damage  from  sudden 
high  accelerations.  The  linearity  of 
the  pickup  permits  the  filtering  out 
of  high-frequency  response,  regard¬ 
less  of  amplitude,  and  produces  a 
record  proportional  to  acceleration. 


Electronic  Magnetometer 

By  Jacob  H.  Rubenstein 

Recordchanger  Ine. 

Binghamton,  N.  Y. 

The  sole  purpose  of  any  magne¬ 
tometer  is  to  measure  the  direction, 
strength  or  changes  in  the  lines  of 
force  of  a  magnetic  field.  The  mag¬ 
netometer  to  be  described  has  high 
sensitivity  and  simplicity  through 
the  use  of  a  specially  designed 
pickup  array  as  the  detecting  ele¬ 
ment,  combined  with  a  vacuum  tube 
oscillator. 

Due  to  its  compactness,  it  should 
find  unusual  application  in  industry 
for  remote  indication  or  operation 
without  mechanical  coupling,  by 
using  the  magnetometer  to  detect  a 
change  in  position  of  a  i)ermanent 
magnet  attached  to  an  object  whose 
motion  is  to  be  measured,  particu¬ 
larly  when  the  object  whose  motion 
to  be  measured  is  inaccessible. 

For  clarity,  the  magnetometer  is 
described  in  the  application  for 
which  it  was  originally  developed, 
to  determine  the  strength  and  di¬ 
rection  of  the  earth’s  magnetic 
field. 

The  heart  of  the  instrument  is  a 
pickup  head  shown  in  Fig.  1  with 


Ph»U  CmutMt  P*»  Atmtrieon  WorU  Airwa»$ 


KESTER  CORED  SOLDERS 


Put  precision,  permanence  and  dependability  in  all  solder¬ 
ing  jobsl  Standardize  on  Kester  Cored  Solders. 

Kester  Cored  Solders  are  scientifically  compounded  to 
form  dean,  tight  solder  bonds  that  hold  permanently 
against  shock,  vibration,  bending  and  the  contraction  and 
expansion  of  temperature  extremes. 

Kester  Cored  Solders  are  applied  in  one  simple  applica¬ 
tion.  Virtually  mistake-proof,  the  flux-filled  core  is  scien¬ 
tifically  balanced  with  superior  alloys — in  the  right  com¬ 
bination  for  every  type  of  soldering. 

Kester  Rosin-Core  Solder,  for  electrical  connections,  and 
Kester  Acid-Core  Solder  for  general  work,  are  both  avail¬ 
able  in  a  wide  range  of  strand  and  core  sizes.  Nearly  half 
a  century  of  practical  experience  is  your  assurance  of 
Kester's  unvarying  high  quality.  So  don't  take  chances. 
Standardize  on  Kester — always  the  right  solder  for  any 
soldering  job. 


KESTER  SOLDER  COMPANY 

4204  Wrightwood  Atmu*.  Chicago  39,  Ill. 
Etutorn  Plant:  Newark,  N.  J. 

Canadian  Plant:  Bradiord,  Ont. 


FIG.  1 — DotaiU  of  tho  head  and,  below, 
the  two  laminations  of  the  core 


an  inch  rule  for  size  comparison.  It 
contains  an  exposed  view  of  the 
two-lamination  shell-type  induct¬ 
ance  core. 

Figure  2  is  a  schematic  of  the 
head  in  its  associated  circuit.  The 
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RADIO  PINS 


INDUSTRIAL  CONTROL  (continuad) 

head  consists  of  the  tapped  induct¬ 
ance  L  wound  around  the  two  lami¬ 
nations,  the  composition  of  the 
lamination  is  of  high-mu  metal, 
such  as  “MU”  metal,  permalloy  and 
others.  The  elongated  pieces  ex¬ 
tending  from  the  closed  core  are 
also  of  high-mu  metal.  Thwe  elon¬ 
gated  pieces  are  called  “aniehnas” 
because  they  act  as  magnetic  flux 
collectors.  At  the  end  of  each  an¬ 
tenna  is  a  small  permanent  magnet. 
These  are  arranged  in  series-aiding 
relation  to  each  other. 

This  head  is  the  detecting  ele¬ 
ment  of  the  magnetometer,  the  rest 
of  the  circuit  shown  in  Fig.  2  need 
not  be  in  the  magnetic  field  to  be 


DEVELOPED  AND  MANUFACTURED  BY 

THE  AMERICAN  BRASS  COMPANY 
WATERBURY  BRASS  OOODS  BRANCH 


Check  the  advantages 


FIG.  2 — Basic  oscillator  circuit  usod  in  ths 
magnotomotsr 

measured  and  may  be  in  any  con¬ 
venient  location,  some  distance 
away  if  desired. 

Oscillator  Circuit 

The  circuit  of  Fig.  2  is  a  form  of 
electron-coupled  oscillator.  Fig.  3 
shows  a  curve  of  the  output  voltage 
of  the  oscillator  versus  the  magnet¬ 
izing  force  in  ampere  turns  applied 
to  the  oscillator  coil  core. 

The  output  voltage  of  the  oscil¬ 
lator  is  a  function  of  the  degree  of 
coupling  between  the  primary  and 
secondary  of  the  oscillator  coil 
which  in  turn  is  a  function  of  the 
permeability  of  the  core  of  the  coil, 
and  from  the  curve  it  is  seen  that 
the  mu  of  the  core  varies  sharply 
in  certain  portions  with  the  applied 
magnetizing  fofce. 

Examination  of  the  steep  portion 
of  the  curve  shows  that  a  large 
change  in  the  mu  of  the  core  takes 
place  for  a  small  change  in  the  flux 
through  the  head.  All  the  head  flux 
except  a  small  leakage  passes 
through  the  core,  so  that  the  dens¬ 
ity  there  is  much  higher  than  it  is 
in  the  antennas  because  of  its 
smaller  cross  section. 

For  proper  design  the  average 


These  seamless,  patented  Radio  Pins  are  uniform  in 
size,  with  smooth  surfaces  for  smooth  operation. 
In.  staling,  the  ends  roll  over  easily  and  without 
splitting.  When  molded  into  composition  parts  the 
closed  end  keeps  out  the  molding  compound. 

If  you  use  pins  for  vacuum  tubes  or  adapters, 
fluorescent  lights,  plugs,  or  electrical  equipment  of 
any  kind,  the  chances  are  you’ll  save  time,  money 
and  rejections  by  using  these  seamless,  patented 
Radio  Pins.  They  are  available  in  a  wide  variety  of 
styles  and  sizes.  Simply  send  a  sketch,  sample  or 
description,  with  quantity,  for  quotation. 


RADIO  OR  RADAR  EQUIPMENT? 

In  addition  to  Radio  Pins,  we  produce  large  quantities  of 
top  caps,  base  shells  and  adapter  shells  for  vacuum  tubes ; 
also  a  wide  variety  of  other  metal  products  including  deep 
drawn  shells  and  cups,  blanks  and  stampings,  ferrules, 
grommets,  washers,  vents,  fasteners— and  the  world’s  larg¬ 
est  assortment  of  eyelets.  ««06 


THE  AMERICAN  BRASS  COMPANY 
WATERBURY  BRASS  GOODS  BRANCH 
WATERBURY  88,  CONNECTICUT 
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Gives  ‘^DAYLKNT'’  Rashes  of 
12,000, NO  Peak-Lumens, 
18,0N  LmMn-Secoi^^ 

The  SylvuiiaTypeR4340Flash  Tube,  used 
with  suitable  equipment,  gives  a  brilliant 
dash  of  excellent  photographic  quality 
with  a  duration  of  only  l/1250th  second. 

A  major  application  of  the  Type  R4340 
is  in  newly  developed  electronic  flash  units 
for  photogra|diic  purposes.  The  R4340 
will  deliver  more  than  30,000  flashes  be> 
fore  replacement  is  necessary. 

Its  short  flash  duration  ^stops^  motion, 
enabling  the  photogra|dier  to  take  sharp 
pictures  of  moving  subjects.  Excellent 
color  quality  permits  use  with  color  film. 

See  your  Sylvania  Distributor  for  full 
details,  or  write  for  descriptive  folder, 
address  below. 


500  Ohmi,  100 
Watt* 

V, 

High  Voltaga 
Roctifiar 

c. 

120  Micro¬ 
farads 

150,000  Ohm* 

V, 

Sylvania  Flash 

c. 

1  Microfarad 

Con»i*t*  of  fiv* 
200,000  Ohm 

Twba  R4340 

T, 

Ignition'  Coll 

Ratlitor* 

C, 

2  Microfarads 

s, 

Trip  Switch 

SYLVANIA  ^ELECTRIC 

Electronics  Division  . . .  500  Fifth  Avenue^  New  York  18y  N,  Y. 

MAKERS  OF  ELECTRONIC  DEVICES:  RADIO  TUBES;  CATHODE  RAY  TUBES;  FLUORESCENT  LAMPS.  FIXTURE^.  WIRING  DEVICES:  ELECTRIC  LIGHT  BULBS 
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TRANSFORMER 

DESIGN 
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The  unique  difFerences  in  the  design  of  an  electronic  product 
often  call  for  components  that  are  slightly  different  than  so-called 
standard.  Here  is  an  Acme  Elecfric  transformer  which  may  give 
expansion  to  your  ideas  —  to  take  advantage  of  all  the  "extras" 
for  better  performance. 

We  call  this  "Mounting  Type  1 30"  —  two  hole 

horizontal  mounting,  with  lead  holes  on  bot- 

tom  or  side  of  shell.  It  is  developed  in  ratings 

from  15  VA  to  100  VA  to  the  exact  electrical 

characteristics  that  you  require.  Made  from 

standard  parts  to  special  specifications  and  Wf- 

produced  by  straight  line  volume  production 

methods.  For  further  details,  write  for  Bulletin 

168,  or  better  still,  tell  Acme  Electric  transfer- 

mer  engineers  about  your  problems  and  let  ^ 

them  assist  you. 

ACME  ELECTRIC  CORPORATION 

31  WATER  ST.  CUBA,  N.  Y. 


mu  of  the  head  should  be  at  point 
A,  while  the  mu  of  the  core  is  at 
point  C. 

Between  points  B  and  C,  the 
slope  of  the  curve  is  very  steep  and 
hence  a  relatively  small  increase  in 
flux  density  beyond  B  will  cause  a 
large  decrease  in  mu  of  the  core, 
with  correspondingly  large  de¬ 
crease  in  coupling,  resulting  in  a 
large  drop  in  the  reading  of  the 
voltmeter  V. 
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FIG.  3 — ^Voltag*  output  of  tho  oseillotor 
plottod  agodnit  ompore  turns  oi  tho 
oscillator  coU 

To  bias  the  core  to  its  most 
sensitive  position  to  external  flux 
changes,  such  as  point  C  on  the 
curve,  magnets  are  introduced  at 
the  antenna  ends  instead  of  dy¬ 
namic  flux.  This  addition  provides 
the  needed  constant  value  of  mag¬ 
netic  flux  to  the  antenna  and  to  the 
oscillator  core.  The  positioning  also 
serves  to  increase  the  sensitivity  of 
the  magnetometer  by  extending  the 
interaction  of  the  head  with  the 
surrounding  magnetic  fleld  over  a 
larger  area. 

Both  R  and  C  of  Fig.  2  are 
capable  of  shifting  the  operating 
point  on  the  steep  portion  of  the 
curve.  Increasing  C  or_  decreasing 
R  shifts  the  operating  point 
towards  B.  These  controls  are  used 
in  conjunction  with  the  flux  fields 
of  the  magnets  to  bring  about  the 
desired  slope  and  operating  point 
on  the  curve.  The  sensitivity  is  also 
a  function  of  the  amount  of  metal 
in  the  center  leg  of  the  core. 

Thus  a  small  change  in  the 
strength  or  direction  of  the  mag¬ 
netic  field  in  which  the  head  lies 
causes  a  steep  change  in  the  perme¬ 
ability  of  the  core  of  coil  L,  which 
in  turn  changes  the  coupling  be¬ 
tween  the  two  sections  of  the  coil. 


#10  OF  THE  "FOURTEEN  FAaS  IN  FENWAl’S  FAVOR". 


WIDE^ 
RANGE 
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FENWAL  INCORPORATED 

43  PLEASANT  STREET* 

ASHLAND  MASSACHUSETTS 

Thermotechnics  for  Complete  Temperature  Regulation 

161 


A  thermostat  s  range  of  temperature  settings  should  not  limit  its  appli¬ 
cations  ...  its  range  should  be  wide  enough  to  permit  a  great  variety  of  ■  I 
settings  in  accordance  with  individual  product  or  process  requirements.  | 

Its  design  should  also  permit  temperature  settings  to  be  changed  readily.  | 

The  Fenwal  THERMQSWITCH  Control  is  available  in  standard  models  I 

with  temperature  ranges  of  --100®F.  to  +400®  F.  or  +100°  F.  to  I 

+600*  F.,  and  it  may  be  calibrated  at  any  point  within  these  wide  ranges  | 

merely  by  turning  the  adjusting  screw  to  the  desired  setting.  This  wide  | 

selectivity  of  temperature  setting  is  especially  advantageous  where  large  I 

increments  of  change  in  the  thermostat  setting  are  re-  I 

quired.  Temperature  control  or  detection  in  a  variety  of  [j 

applications  may  be  had  by  stocking  just  two  standard  I 

THERMOSWITCH  Controls  of  any  desired  model.  I 

Chart  shows  the  change  in  temperature  setting  corre-  tl 

sponding  to  the  number. of  turns  of  the  adjusting  screw  | 

of  the  THERMOSWITCH  Control.  For  special  require-  || 

ments,  the  slope  of  the  curve  can  be  changed  with  special  i 

rhi  ead  ratios.  *  J 

9  to  II  iz  li  I  Wide  range  of  temperature  adjustment  is  only  ope  of,  .tl 
many  advantages  that  make  Fenwal  THERMOSWTTCH  'I 

Controls  desirable  for  every  branch  of  industry  and  ’  ij 

science  demanding  precise,  trouble-free  temperature  regulation  and  •  I*; 

detection.  Write  for  your  copy  of  the  Thermorechnics  Booklet  which  ij 

describes  the  ‘'Fourteen  Facts  in  Fenwal’s  Favor.” 
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Hi-Q 


INDUSTRIAL  CONTROL 


(continue^) 


C.  N.  TYPE 


X  L  type 

Durez  Coated 


Unusually  high  capacitance  in  relation  to  physical 
'dinoensions'  make  Hi-Q  ceramic  capacitors  the 
ideal  components  for  use  where  space  is  ex¬ 
tremely  limited.  Recognized  stability  insures  de¬ 
pendable  performance  through  years  of  service 
Individually  tested  for  accuracy  of  physical  di¬ 
mensions,  temperature  coefficient,  power  factor 
and  dielectric  strength.-  Available  with  axial 
leads  (Cl  type);  parallel  leads  (CN  type);  Durez 
coated  (SI  type).  An  experienced  engineer  will  be 
glad  to  consult  with  you  on  your  requirements. 


C.  I.  TYPE 


OTHER 


COMPONENTS 


FEED  THRU  AND  STAND-OFF  CAPACITORS 


WIRE  WOUND 
RESISTORS 


and  as  a  final  result,  the  reading 

&i'y. 

Amplifier 

For  anomalie  measurements  an 
additional  stage  of  amplification 
brings  the  sensitivity  of  the  mag¬ 
netometer  into  the  single-digit 
gamma  range  (a  gamma  is  1  x  10 
to  the  —5  oersted). 

The  sensitivity  and  output  of  the 
oscillator  alone  are  illustrated  in 
Fig.  4.  This  curve  shows  voltage 


^  40*  8<:|  120*  160^200*  240*J^80*  320*  ^ 

FIG.  4 — Oscillator  voltago  output  plotted 
against  magnetic  bearing.  The  horizontal 
intensity  was  0.165  oersted 

output  plotted  against  horizontal 
magnetic  bearing  and  was  obtained 
from  an  experimental  portable 
model  whose  circuit  is  shown  in 
Fig.  5.  The  second  tube  is  a  cur¬ 
rent  amplifier  to  operate  the  output 
milliammeter. 

The  curve  of  Fig.  4  would  show  a 
steeper  slope  with  a  recommended 
90*  volts  on  the  oscillator  plate. 
There  is  an  oscillator  frequency 
change  of  30  cps  from  North  to 
South. 

With  this  circuit,  magnetostric¬ 
tion  effects,  the  changes  in  mag¬ 
netic  properties  .accompanying 
mechanical  stresses,  are  very  promi- 


CHOKE 

COILS 


Hi-Ol 


FRANKLINVILLE,  N.  Y. 


FIG.  5 — Circuit  of  two-tube  portable  instru¬ 
ment  useful  for  investigating  magnetostric¬ 
tion  effects.  Coil  L  contains  5.000  turns, 
tapped  at  500  turns 


162 


January,  1947  —  ELECTRONICS 


Wrjf*  for  Bullotin  32  for  complete  details 

Price  $170.00  F.O.B.  Chicago.  Deliveries  from  stock 
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•  high  sansif ivify  on  AF  and  RF 


•  ftabilizad  zero  salting 


•  high  impadanca  trioda  input 


Facts  . . .  Figures  that  Make  Televiso’s  New  Series 
200A  a  BETTER  Vacuum  Tube  Voltmeter  .  .  . 

Hi^  impedance  input,  high  sensitivity  and  zero 
adjustment  stabilization  are  the  prime  reqviire- 
ments  in  a  vacuum  tube  voltmeter  for  use  in 
modem  electronic  and  industrial  manufacturing. 
Televiso’s  new  Series  200A  combines  these  three 
qualities  to  an  unusual  degree.  It  is  a  direct  reading 
instrument  with  a  full  scale  sensitivity  of  .5  volt  for 
use  at  audio  and  radio  frequencies.  Readings  as  low 
as  100,000  microvolts  are  accurate.  Only  one  zero 
adjustment  is  needed  for  all  ranges.  The  instrument 
covers  the  radio  frequency  range  to  500  megacycles, 
is  linearly  responsive  to  the  low  audio  frequency 
range  of  four  cps.  and  useful  to  two  cps. 

The  new  Series  200A  is  the  result  of  years  of  test¬ 
ing  and  research.  Stray  capacitances  and  detuning 
effects  are  reduced  to  a  minimum  by  bringing  the 
input  connections  of  the  voltmeter  close  to  the  cir¬ 
cuit  to  be  measured.  Connections  can  be  made 
directly  to  the  measured  circuit  by  wires  or  by  a 
contact  clamping  fixture  for  production  work.  It 
has  an  external  probe  to  which  connections  can  be 
soldered,  or  binding  posts  that  can  receive  wires 
or  banana  plugs. 

The  input  tube  is  a  triode  plate  circuit  rectifier 
type  in  which  the  input  voltage  is  rectified  under 
full  wave,  square  law  operating  conditions  and 
indicates  rms  values. 

The  rear  storage  compartment  of  the  instrument 
contains  a  source  of  calibration  voltage  equal  to 
five  rms  volts  ±  2%,  making  possible  continuous 
checks  on  calibration  accuracy. 


DImensient:  Length,  17.5";  width,  11.5";  height,  12.5";  panel,  30” 
slope.  -  , 


Gvorantee:  The  instrument  is  fully  guaranteed  for  a  period  of 
two  years  against  defective  material  and  workmanship. 


Like  all  Televiso  measuring  instniments,  the  new  Series  200A 
vacuum  tube  voltmeter  is  a  model  of  modem  design  and  con¬ 
struction — assuring  dependability  and  extreme  accuracy  over 
extended  periods  of  time.  Cabinets  are  copper  lined  to  prevent 
extraneous  radio  frequency  fields  from  affecting  readings.  The 
panel  is  of  caustic  dipped  aluminum,  flat  black  painted  with  a 
fine  baked  enamel  finish. 


Accuracy:  Accuracy  is  ±2%  of  full  scale  on  all  ranges  on  sinu¬ 
soidal  voltages.  Middle  scale  accuracy  is  within  5%  on  all  ranges. 


Rang*:  0-150  volts  AC  in  5  ranges.*  Full-scale  ranges  are  .5  volt, 
2  volts,  15  volts,  50  volts  and  150  volts.  The  ISOWolt  range  may  be 
extended  to  1500  volts  by  means  of  a  type  10: 1  capacitive  divider 
available  on  special  order. 


I 


^you  can  get 

VARNISHED 

INSULATING 

PAPERS 

of  every  type  —  at 

IRVINGTON 


When  the  “spec”  reads  varnished  paper  insulation,  invest!* 
gate  the  properties  of  Irvington’s  products.  Many  thicknesses 
of  six  varnished  papers  —  made  standard  by  general  use  —  are 
available. 

Base  papers  are  carefully  selected  for  low  acidity,  uni¬ 
formity  in  thickness,  tensile  strength,  and  tear  resistance.  To 
these  base  stocks  are  applied  Irvington-formulated  insulating 
varnishes  which  provide  high  dielectric  strength  as  well  as 
resistance  to  heat,  oil,  and  moisture.  The  varnish  film  is  smooth 
and  free  from  pin  holes. 

Write  for  generous  test  samples  of  the  Irvington  varnished 
insulating  papers  listed  below. 


StMeUutd 


Condenser  Tissue 


Kraft  Paper 


RANGE 

OF  THICKNESSES 


Saturated  Kraft 


.00075”  to  .002" 
.00125”  to  .020” 
.0015”  to  .006” 
.007”  to  .015” 
.004”  to  .005' 
.010"  to  .0*2' 


Yollow 

Yollow  «  Mock 
Yollow 
Yollow 
Yollow 
Yollow 


Condomor  tiotuo 
Kroft  popor 
Bond  popor 
Rod  Ropo  popor 
Soturotod  Kroft 
Aobootoo  popor 


Asbestos  Paper 


IRVINGTON  11,  N.  J. 
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nent  and  easy  to  demonstrate 
through  the  use  of  long  thin  an¬ 
tennas.  Retentivity  can  be  accen¬ 
tuated  and  demonstrated  through 
the  use  of  multiple  laminations  in 
the  antennas.  For  magnetic  meas¬ 
urements  with  an  absolute,  mini¬ 
mum  of  retentivity,  the  antenna 
may  ’be  dispensed  with  entirely. 
The  proper  amount  of  magnetic 


Pertobl*  magBetomalM.  Tube*  and  battar- 
Sm  or*  contalnad  In  the  coblnat  at  right 


R*9ulation  AccHroqr  0J%,  Hariwym  hat- 
mo^  didartioit  t%,  lnp«t  YoltaM  H.i2S, 
Oatpat  v«lto9*  II0>I20 


flux  is  introduced  directly  to  the 
coil  core  and  the  sensitivity  is  more 
than  ample. 

The  permanent  magnets  may  also 
be  dispensed  with,  if  the  antennas 
are  made  long  enough  to  collect 
enough  flux  from  the  earth's  fleld 
to  bias  the  core  to  the  desired  oper¬ 
ating  point  on  the  curve  of  Fig.  3. 


FLASHLIGHT  FOR  BUND 


Taking  the  cackle  out  of  a  soprano  bbroailcast  transmissioD 
sound  amplification  and  sound  recording  is  just  one  of  the  many 
proUons  sidved  by  versatile  SORENSEN  Yidtage  Regulatiurs. 

In  evary  Sdd  where  unstable  vidtages  <Nr  current  {day  hob 
with  sensitive,  costly  electrical  equipment,  SORENSEN 
Voltage  Regulators  take  charge  and  deliver  a  constant  power 
siq>ply,  unaffected  by  load  variations  or  the  power  factor 
the  load.  SORENSEN  Voltage  Regulaton  are  sensitive  ONLY 
to  changes  in  v(dtage. 

Look  for  all  these  otha*  SORENSEN  features  —  dectronic 
control  dreuits,  no  moving  parts,  long  life,  wide  range,  low 
<fistortion,  rapid  reqKmse. 

Write  today  fa  ^our  V<dtage  Regulator  Catalog  L 


soREnsEn&compnnv.  int 

smniFORO.  lonnEtiitui 


A  LINE  OF  STANDARD  REGULATORS  FOR  LOAD  RANGES  UP  TO  30  KVA. 
SPECIAL  UNITS  DESIGNED  TO  FIT  YOUR  UNUSUAL  APPLICATIONS. 


Mori*  camsraman  Jo*  Wolkar  demon- 
itraloi  his  risual  aid.  A  flashlight  iUumi- 
notos  the  scene;  retiirning  light  beams  ore 
focused  by  o  lens  onto  a  photoelectric  cell. 
Modulation  of  the  beom  is  accomplished  in 
one  experimental  model  by  an  oscillator 
ond  by  o  motor-driTon  ion  in  another. 
Chonge  in  the  audio  tone  produced  is 
heord  from  o  small  earphone  or  a  built-in 
loudspeaker 
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Foreign  Radio  and  Electronic 
Manufacturers  communicate 
direct  with  our  Export  De- 
partment,  at  Willimantic, 
Connecticut  for  information. 

The  Electro  Motive  Mfg.  Co.,  Inc. 

Willimantic,  Connecticut 


bLECTRONICS  — Jonoory.  IW7 


THE  ELECTRON  ART 


Edited  by  FRANK  ROCKETT 


Meteors  Detected  by  Radar . 166 

Frequency  Modulator  . 166 

Development  oi  Electron  Accelerators . 170 

Seli-Requlotinq  Field  Excitation  for  Magnetrons . 184 

French  Microwave  Telephone  Circuit . 188 

Metallizinq  Applications . 192 


Meteors  Detected  By  Radar 


Meteorological  ionosphere  re¬ 
search  and  radio  wave  propaga- 
tional  studies  are  being  conducted 
with  the  aid  of  radar  techniques 
operating  at  very  high  and  ultra- 
high  frequencies.  As  a  part  of  these 
studies  the  meteor  shower  from 
October  7-12  that  accompanied  the 
passage  near  the  earth  of  the  comet 
Giacobini-Zinner  was  observed  by 
scientists  of  the  National  Bureau 
of  Standards  and  others  here  and 
abroad. 

Observations  were  made  on  107 
me  using  25  microsecond  pulses  at 
400  pps  with  a  peak  power  of  100 
kw.  The  antenna  was  oriented  at  an 
azimuth  of  315  degrees  and  an 
elevation  of  45  degrees.  Meteors 


RADIO  CONTROL  GOES  HAY  WIRE 


wired  for  rodlo.  this  plow  con  bo  romotolv  controUod  to  run  a  otrolght  furrow,  turn 
left  or  right,  ond  rcdie  or  lower  the  plowshare.  Radio  signals  transmitted  on  60 
meters  from  the  truck  ore  receieed  ot  the  troctor  which  pulls  the  plow.  The  signols 
control  pneumatic  serromotors  that  operate  the  plow.  The  form  tractor.  doToloped  by 
Tractors  Ltd.  in  cooperation  with  the  British  goTornment.  is  undergoing  field  tests 


themselves  are  generally  too  small 
to  reflect  appreciable  radio  energy; 
however,  in  passage  through  the  at¬ 
mosphere  they  heat  it  so  hot  that  it 
ionizes.  It  is  this  ionized  trail  that 
reflects  the  radio  waves.  The  fre¬ 
quency  that  will  just  be  reflected  by 
an  ionized  gas  is  proportional  to  the 
square  of  the  density  of  ions.  Thus, 
although  100-mc  used  by  the  Bu¬ 
reau  of  Standards  would  penetrate 
the  ionosphere,  it  was  reflected  by 
meteor  tracks.  However,  600  to 
1,000  me  used  by  the  Army  Signal 
Corps  for  similar  measurements 
was  not  reflected  by  either  the 
ionosphere  or  the  meteors.  Thus  the 
strength  of  meteoric  ionization  can 
be  estimated. 


i-'oui  nchous  from  motoer  trails  displayed 
on  a  ppi.  Radar  proridos  allltuds  as  well 
os  aximuth  and  oloTotlon  positions  oi  mo- 
toors  from  ono  obsorrotlon  ond  can  bo 
usod  during  doytlmo  ond  OTorcost;  it  is 
thus  far  superior  to  optical  obserrotion 

The  bursts  observed  on  the  old, 
lower-frequency  f-m  band  coincided 
with  appearances  of  meteora.  Some 
evidence  indicates  that  E-layer 
ionization  is  generated  by  meteors. 
For  these  reasons  more  detailed 
measurements  of  the  effects  of 
meteors  are  being  made  so  that  com- 
municational  and  navigational  serv¬ 
ices  can  be  assigned  frequencies 
best  suited  to  their  needs. 


Frequency  Modulator 

By  George  G.  Bruck 

Farminffdule,  X.  Y. 

A  NEW  METHOD  for  obtaining  fre¬ 
quency  modulation  combines  sev¬ 
eral  components  of  a  frequency 
modulator  into  one  unit.  The  usual 
reactance-tube  frequency  modulator 
comprises  a  (1)  reactance  tube,  or 
tubes  if  push-pull,  (2)  double  diode 
demodulator,  and  (3)  inverse  feed¬ 
back  loop  for  linearity  and  mid¬ 
frequency  control.  These  three 
units  can  be  combined  into  a  single 
unit  giving  the  circuit  of  Fig.  1. 
In  the  composite  circuit  the  control 
discriminator  is  working  on  the  os¬ 
cillator  frequency,  not  on  a  lower 
frequency. 

Circuit  Behavior 

Disregarding  L,  and  C,  the  cir¬ 
cuit  acts  as  a  class-C  Hartley  oscil¬ 
lator.  As  such,  each  grid  receives 
one  impulse  every  cycle.  Relatively 
high  grid  resistances  limit  peak 
grid  voltages  practically  to  cathode 
potential. 

At  resonance  the  vector  potential 
across  L,  and  Ct  is  at  right  angles 
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Finch  Duplex  unit  transmits  and  receives  over  a  telephone  line 
exact  facsimiles  of  written  or  printed  messages,  as  well  as  draw¬ 
ings,  photographs,  signatures,  etc.  Authorized  imder  A.  T.  &  T. 
Tariff  FCC  No.  155,  effective  May  4,  1946.  Considered  far 
superior  to  ordinary  teleprinting  apparatus  because  it  handles 
many  more  words  per  minute,  with  complete  infallible  accuracy 
as  well  as  pictures  and  printed  composition. 

Address  all  inquiries  to  Finch  Telecommunications,  Inc.,  10  E. 
40th  St.,  New  York  16,  N.  Y. 

FINCH  TELECOMMUNICATIONS,  INC.  •  PASSAIC,  N.  J. 


L|  COUPLED  TO  Lz 


inci 


FIG.  1 — Frcquaney  modulatioii  is  prodncsd 
by  this  simpls  circuit 

to  the  one  across  Li  and  Ci,  thus, 
although  each  grid  receives  one  im¬ 
pulse  per  cycle,  these  two  voltages 
are  phased  differently.  Figure  2A 
shows  the  vector  diagram  for  the 
case  of  perfect  resonance.  There 
are  two  plate  current  pulses  per 
cycle,  one  advanced  by  the  same 
angle  that  the  other  is  rjetarded 
relative  to  the  phase  condition  of 
the  tank  circuit  of  In  and  Ci.  The 
circuit  is  in  equilibrium  when  the 
*tube  is  oscillating  at  resonance. 

If  an  a-f  voltage  is  applied  in 
push-pull  to  the  two  grids  throuidi 
Ri  and  Rt,  it  alternately  increases 
and  decreases  the  angle  of  flow  on 
either  side  of  the  tube.  The  contri- 


VOLTAGE  ON  GRID  2 

1  VOLTAGE  ON  GRIOl 
1  1  --I50 

\  \  \|/  50 

V  vA  viaM- 

VOLTAGE  ACROSS  L|  _L 

VOLTAGE  ACROSS  EACH  HALF  OF  Lg 

(A)  (B) 

FIG.  2 — (A)  Grid  ToItogM  or*  symmolri- 
coUy  displac*d  in  phos*  by  oclien  ei  reso¬ 
nant  circuits  oi  Fig.  1.  (B)  Appttcotien  ol 
o-f  os  shown  in  Fig.  1  producos  fr*qu*ncy 
modulotion.  Voluos  on  coordinates  show 
magnitudes  that  con  be  expected 

bution  on  either  side  of  the  tube 
towards  the  total  plate  current  thus 
has  its  phase  shifted  back  and  forth, 
resulting  in  frequency  modulation. 

Simultaneously,  a  voltage  is  es¬ 
tablished  across  Ri  and  Rt  that 
tends  to  counteract  the  modulating 
voltage,  thus  providing  negative 
feedback.  The  voltage-frequency 
characteristic  of  the  circuit  is 
therefore  essentially  independent 
of  tube  characteristics,  depending 
only  on  the  discriminator  curve  of 
LiCi  and  LJC,  shown  in  Fig.  2B. 

Design  Considerations 

The  system  works  best  if  coup¬ 
ling  between  L,  and  L,  reduces  the 
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14MIN47tNG 
. . .  Shoots,  rods,  tmhot. 
Stisndurd  NEMA  grmdos; 
over  700  spocsul  grmdos. 


He’s  feeding  fluid  to  a  new  idea  . . . 
fattening  a  project  that  Ras  possibilities.  It’s 
research  . . .  the  way  Richardson  does  it. 

And  how  does  Richardson  do  it.^  We  don’t  take  “no”  for 
an  answer.  We  won’t  accept  “yes”  either.  Not  until 
Richardson  Plasticians  have  stripped  every  theory  to  the  bone,  made 
each  new  product  stand  up  and  prove  itself.  That’s  the  way 
Richardson  developed  EBROK  bituminous  battery  containers;  over  700 
special  grades  of  Laminated  INSUROK;  special  molding  techniques; 

and  our  own  tooling  facilities.  All  these  enable  us  to 
meet  widespread  industrial  requirements.  This  is  versatility. 

And  it’s  one  of  the  reasons  why  our  customer 
list  is  growing  greater  every  year! 


MOIDINO 
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ELECTRON  ART  (conflnuad) 

phase  shift  in  the  primary  to  zero 
in  the  neighborhood  of  resonance, 
which  is  accomplished  with  0.50 
transitional  coupling.  Choosing  L, 
three  to  four  times  Li  will  give  best 
results.  If  coupling  is  too  high,  the 
circuit  can  oscillate  at  either  of  two 
distinct  frequencies,  both  different 
from  the  resonant  frequency  of  L, 
and  C»  ‘  If  coupling  is  too  loXv,  the 
frequency  of  oscillation  becomes  de¬ 
pendent  on  both  circuits,  whereas  it 
should,  for  optimum  performance, 
depend  only  on  L,  and  C,. 

Amount  of  feedback  is  controlled 
by  the  magnitude  of  iJ,  and  R2.  If 
very  little  feedback  is  desired,  R, 
and  Rt  are  replaced  by  r-f  chokes, 
which  must  be  identical  to  avoid 
differential  phase  shifts. 


FIG.  3 — Modification  of  the  circuit  of  Fiq.  1 
giTO>  an  f-m  discriminator 

Output  is  obtained  by  inserting  a 
parallel  resonant  circuit  in  the  plate 
lead  at  the  point  marked  on  Fig.  1. 
The  circuit  lends  itself  particularly 
well  to  recovery  of  higher  har¬ 
monics  in  the  plate  circuit  and  can 
be  used  as  a  frequency-multiplying 
driver  stage.  Although  the  fourth 
harmonic  is  the  highest  that  can 
usually  be  obtained  at  the  output, 
in  one  circuit  operating  at  about  10 
me  the  output  was  78  me.  Such  an 
arrangement  will  give  full  fre¬ 
quency  deviation  with  only  a  carbon 
micophone  in  the  primary  of  the 
modulation  transformer. 

The  same  or  a  very  similar  cir¬ 
cuit  can  be  used  as  an  f-m  phono¬ 
graph  pickup.  For  reception,  the 
circuit  can  be  operated  as  a  discrim¬ 
inator  as  shown  in  Fig.  3  wherein 
it  also  acts  as  limiter,  amplifier,  and 
squelcher.  It  is  essentially  an  oscil¬ 
lator  that  falls  in  step  with  the  in¬ 
coming  signal.  Audio  frequency  is 
recovered  in  push-pull  from  the  two 
plates. 

Development  of  Electron 
Accelerators 

Atomic  research,  industrial  ra¬ 
diography,  and  medical  therapy 


STUDENTS  OSCILLOGRAPH 


Compact  instrument  combining  in  one  unit  all  the  features  that 
make  it  an  essential  part  of  every  electrical,  physical  or  mechani¬ 
cal  laboratory  in  colleges,  technical  schools  and  industrial  plants. 

Simple  to  operate 'from  any  110  volt  light  socket.  Magazine  loading  of 
photographic  paper  or  film  6"  wide  by  100'  to  200'  long,  instantaneous  and 
in  daylight.  Multiple  recording  of  up  to  12  quantities  simultaneously. 

Viewing  screen  for  observation  during  recording.  Adjustable  record  speed 
covering  all  normal  requirements.  Precision  optical  system  producing  records 
of  highest  quality. 

Adaptable  to  all  requirements— interchangeable  galvanometers  cover  a 
wide  range  of  characteristics.  Natural  frequencies  25  to  10,000  cps.  Sensi¬ 
tivity  to  10,000  millimeters  per  milliampere  at  one  meter.  Attachments  avail¬ 
able  to  cover  all  applications. 

.Investigate  the  only  COMPLETE  Oscillograph  at  LOW  cost. 

Write  for  technical  bulletin  SP-183. 

Hathaway  Instrument  Co.,  1315  S.  Clarkson  St.,  Denver  10,  Colorado. 
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Do  away  with 
probtems  tike  these 


This  MW  litaratar*  m  **dag**  callaidal  graphita  is  yaars  far  tha  askiag: 

j - : — I  A  data  and  roforonca  booklof  rapordina  **  dag  **  colloidal 

I  460  I  a'ophilo  ditporsiont  and  thoir  applications.  14  pogos  pro* 

^  fusoly  illustrotod. 

I  aO|  I  about  **dag*’  colloidal  graphito  for  ASSfMBlINO 

I  '  AND  RUNNINO-IN  ENGINiS  AND  MACHINERY. 

I  aoo  I  Focts  cdtout  ** dag **  colloidal  graphito  as  a  PARTING  COM* 
L2f£J  POUND. 

I  oMA  I  Facts  abaut  “dag”  colloidal  giaphilo  as  a  HIGH  TEMPERA- 
Lz~£J  TURE  LUBRICANT. 

I  I  Facts  about  **dag”  colloida:  graphito  for  IMPREGNATION 
I  I  AND  SURFACE  COATINGS. 


A  lot  of  headaches  around  the  plant  can  be 
tossed  into  the  discard  when  you  use  dispersions 
of  dag  colloidal  graphite.  Dispersed  in 
several  fluid  carriers  dag  colloidal  graphite  has  such 
versatility  that  few  plants  can  afford  to  be  with* 
out  it.  So  if  you  have  problems  like  those 
listed  above,  consult  with  an  Acheson  Colloids 
service  engineer  about  the  dag  colloidal  graphite 
dispersion  for  your  specific  needs. 


Fact*  about  “dag”  colloidal  graphito  in  tho  FIELD  OF 
ELECTRONICS. 


ACHESON  COLLOIDS  CORPORATION  jmuoA-nni 

PORT  HURON,  MICHIGAN,  DEPT.  A-S 

ncoti  Mad  a*  wilhowl  obligotian,  ■  cogy  of  Mck  af  tha  ballallai  chacktd. 


NAME 


POSITION 


ACHESON  COLLOIDS  CORPORATION 

PORT  HURON,  MICHIGAN 


OUR  PRESENT  Oil  SUPPLIER  IS _ 

(Lubricants  containing  colloidal  graphito  ara 

availablo  from  major  oil  companios.) 
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Potential  Gradient  Accelerators 


ELECTRON  ART  (confinuad) 

make  use  of  high-velocity  electrons 
either  directly  or  to  produce  x-rays. 
In  atomic  research,  internal  nuclear 
forces  and  dimensions  are  inferred 
from  disintegrations  produced  by 
electron  beams  or  x-rays.  These 
disintegrations  produce  neutrons 
and  leave  the  atoms  radioactive, 
both  results  being  useful.  For  such 
disintegrations  to  be  produced,  the 
incident  energy  must  exceed  the 
very  large  binding  forces  of  the 
particle  to  be  ejected.  Thus  physi¬ 
cists  have  sought  methods  of  gen¬ 
erating  high-velocity  electrons, 
beginning  with  direct  accelerators, 
then  the  cyclotron,  the  betatron,  the 
synchrotron,  and,  most  recently,  the 
racetrack.  These  developments  have 
paved  the  way  for  improved  indus¬ 
trial  radiography  and  extended  the 
utility  of  medical  x-ray  therapy. 


Round  for 
Stool  Ranol 


Roctongular  for 


Morion  "horaotics"  offer  now  flexibility  in  application,  stocking  and  sales. 
Just  one  instrument,  with  its  appropriate  flanges,  fills  four  different  require¬ 
ments  .  .  .  the  only  thing  that's  necessary  is  to  fit  the  flange  to  the  need  in 
question.  In  addition  to  being  truly  hermetically  sealed,  these  instruments 
are  mognetically  and  electrostatically  shielded.  And  are  supplied  with 

InttrdnmgeMe  Round  and  Sifuare  Colond  flanges 

.  .  .  which  are  the  key  to  the  "4  for  1"  Advantage.  With  these,  it  is  possible 
to  order  a  minimum  number  of  instruments  in  the  most  popular  ranges,  ond 
apply  either  the  rouM  or  square  flange  according  to  usage.  This  feature 
simplifies  ordering  and  inventory  procedures  for  the  manufacturer  .  and 
stocking  and  selling  for  the  jobber.  Besides  black,  the  flanges  ore  available 
in  12  iridescent  colors  —  including  red,  blue,  green,  gold  and  silver.  The  use 
of  color  has  been  found  to  add  to  the  eye-appeal  and,  consequently,  to  the 
soles  value  of  otherwise  drab  equipment. 

J  100%  GUARANTESD  I 

I  .«  ..mb.  -  o,..,  mm.  I 

I  200 


MABION  ELEtTRICAL  INSIRUMENT  CO 

M*NCHt5IfB  NtW  MAMPSHUE 


The  simplest  method  of  accelerat¬ 
ing  electrons  is  by  means  of  a 
potential  gradient,  such  as  is  used 
in  all  vacuum  tubes.  High  voltages 


Synchrotron  ot  Massochusetts  Institute  of 
Technology  will  produce  300  mev  electrons 
from  on  orbit  of  one  meter  radius  and  a 
field  of  10,000  gauss.  The  magnet,  de¬ 
signed  Jointly  by  the  staff  of  MIT  Labora¬ 
tory  for  Nuclear  Science  ond  Engineering 
and  engineers  of  the  transformer  division  of 
Allis-Chalmers  Mfg.  Co.,  will  we^h  55  tons 

for  these  linear,  potential  accelera¬ 
tors  are  obtained  from  electrostatic 
generators  or  inductors.  The  ac¬ 
celerators  are  limited  by  the  length 
of  the  path  (over  which  the  elec¬ 
trons  are  accelerated)  that  can  be 
conveniently  built  and  the  potential 
gradient  that  can  be  maintained 
along  that  path  without  arcing. 
Electrons  can  be  accelerated  by  this 
method  to  energies  between  one  and 
five  million  electron  volts  (mev). 
Medical  and  dental  diagnostic  x-ray 
equipment  and  industrial  radio- 
graphic  units  for  sections  thinner 
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(continued) 


than  half  a  foot  use  these  methods. 

To  avoid  the  complications  of 
producing  and  insulating  high  po¬ 
tentials,  the  cyclotron  was  devised. 
The  electron  is  made  to  follow  a 
circular  orbit  by  being  projected 
perpendicularly  to  a  uniform  mag¬ 
netic  field.  A  potential  gradient  is 
established  tangential  to  the  elec¬ 
tron’s  orbital  path,  usually  by  a 
radial  gap  in  the  electrostatic 
shield  surrounding  the  plane  of  the 
path.  Thus  the  electron  receives 


Betatron  inatalled  at  the  Army  Ordnance 
Department's  Picatinny  Arsenal  for  studies 
of  heaTy  munitions  and  machinery  doTel- 
opes  20  mey  x-rays.  Operation  is  semi¬ 
automatic  for  use  by  nontechnical  opera¬ 
tors  doing  production  line  inspection. 
Engineers  at  Allis-Chalmers  Mig.  Co., 
manufacturers  of  this  betatron,  hore  found 
that  steel  is  most  readily  penetrated  by  20 
to  30  mey  x-rays 

an  acceleration  each  time  it  passes 
through  the  gap.  Repeated  accel¬ 
erations  from  one  small  potential 
are  used  to  produce  accelerations 
greater  than  those  possible  in  the 
linear  accelerator.  Usually  the  gap 
extends  across  a  diameter  of*  the 
orbit  so  that  the  iwlarity  of  the 
accelerating  potential  ,  must  be 
changed  twice  for  each  electron 
revolution;  the  potential  from  an 
r-f  oscillator  is  used,  the  frequency 
being  adjusted  so  that  the  electron 
receives  an  acceleration  each  time 
it  passes  the  gap.  Any  charged 
particle  can  be  accelerated  in  the 
cyclotron,  hence  it  has  been  u.sed  in 
atomic  and  nuclear  research. 

As  the  velocity  of  a  particle 
increases,  its  mass  also  increases. 
The  period  of  revolution  of  an  elec¬ 
tron  in  a  cyclotron  (given  by  T  = 
m/eB  where  m  =  m./[l  —  (v/c)*]^ 
is  the  relativistic  mass  of  the  elec¬ 
tron,  e  is  the  charge  of  an  electron, 
V  is  its  velocity,  and  c  is  the  free 


When  sales  are,  endaMgered  because  of 
production  difficulties,  get  materials,  re¬ 
placement  parts,  tools,  dies,  and  needed 
machinery  the  fastest  way!  Specify  Air 
Express! 

No  supplier  or  wholesaler  is  more  than 
a  matter  of  h*)urs  away  when  you  specify 


Air  Express  delivery.  And  the  costs  are 
surprisingly  low  —  drastically  reduced 
from  pre-war  rates.  Let  Air  Express 
solve  your  shipping  problem  —  how  to 
get  it  or  deliver  it  quickly!  Use  this  high¬ 
speed  service  to  keep  production  flowing 
—  and  profits  up! 


Shipments  go  everywhere  at  the  speed  of  flight  be¬ 
tween  principal  U.  S.  towns  and  cities,  with  cost 
including  special  pick-up  and  delivery.  Same-day 
delivery  between  many  airport  towns  and  cities. 
Fastest  air-rail  service  to  and  from  23,000  off -air line 
communities  in  the  United  States.  Service  direct  by 
air  to  and  from  scores  of  foreign  countries  in  the 
world’s  best  planes,  giving  the  world’s  best  service. 


MTERNATIONAl  RATiS  ALSO  RIOUCED 


Writ*  Today  fur  the  Time  anti  Rate  Sclietiuir 
un  Air  Eapreaa.  It  conlaina  illuminating  fait- 
to  help  you  aoWe  many  a  abipping  ptublriu 
Air  Expreaa  Division,  Railway  Express  Agency, 
230  Park  Avenue,  New  York  J7.  Ur  ask  fur  it 
at  any  Airline  or  Railway  Express  office. 

Phone  AIR  EXPRESS  DIVISION,  RAILWAY  EXPRESS  AGENCY 
Ropraaenling  the  AIRLINES  of  the  United  Slates 
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— ^  MICA  CONDENSERS 


Due  to  the  high  operating  frequencies  of  FM, 
many  electrical  and  mechanical  characteristics 
not  ordinarily  considered  in  condensers,  become 
of  paramount  importance.  The  most  important  of 
these  is  low  inductance,  both  in  leads  and  in  the 
basic  construction  of  the  condensers  themselves. 

The  condensers  illustrated  on  this  page  fulfill 
this  requirement  through  simplicity  of  design 
and  low  internal  inductance.  For  by-pass  a^li- 
cations,  Erie  Stand-Off  Ceramicons  and  Erie 
Feed -Thru  Ceramicons  are  most  efficient  for 
carrying  off  R.F.  current  to  ground.  Heavy  termi¬ 
nals,  with  direct  connection  to  ground,  reduce 
external  and  internal  inductance  to  a  minimum. 
Available  capacities,  up  to  1,000  MMF,  are 
usually  sufficient  to  efficiently  by-pass  frequen¬ 
cies  of  80  MC  or  higher.  Tubular  Ceramicons, 
shown  at  the  top  right,  have  the  same  internal 
advantages  as  the  Stand-Off  and  Feed-Thru  type 
Ceramicons,  because  of  their  simplicity  of  con¬ 
struction,  but  are  provided  with  regular  pigtail 
leads  necessary  for  many  installations  where 


some  moderate  lead  inductance  can  be  tolerated. 

The  Cinch-Erie  Plexicon  Tube  Socket,  shown 
in  the  center  photogragh,  with  built-in  by-pass 
Ceragiicons,  puts  the  condensers  around  the  tube 
pins — where  they  belong.  Leads  are  practically 
eliminated,  and  other  components  can  be  install¬ 
ed  closer  to  the  socket,  further  increasing  effi¬ 
ciency.  Any  tube  pin  or  groups  of  pins  can  be 
by-passed  with  condensers  having  up  to  1,000 
MMF  capacity. 

Erie  Button  Mica  Condensers  were  designed 
specifically  for  high  frequency  work.  Ribbon 
type  leads,  plus  circular  design,  gives  extremely 
short  electrical  path-to- ground  through  the  entire 
area  of  the  condenser.  These  compact  units  are 
available  in  a  number  of  different  mounting  styles 
and  in  capacity  ranges  up  to  ,006  mfd. 

You  can  stake  your  reputation  on  these  con¬ 
densers  for  dependable  use  in  tuned  circuits,  for 
by-pass  applications,  or  as  coupling  condensers, 
in  all  FM  applications.  Write  for  complete  details, 
giving  desired  operating  characteristics. 


Stcctn/^H^C4^  ^tOC4t<Ut 
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CINCH-ERIE  PLEXICON  TUBE  SOCKETS 

? 

with  built-in  By-Pass  Ceramicons 


FEED-THRU,  STAND-OFF,  PIGTAIL  CERAMICONS 


It  may  look  good  on  paper  .  .  .  and 
perform  superbly  imder  regulated 
laboratory  voltages,  BUT  .  .  .  when 
it  encounters  the  unstable  voltages 
that  are  available  to  your  customers, 
what  happens — 

— to  costly  filaments  and  tubes? 

— to  precision  parts? 

— to  sensitive,  balanced  circuits? 

— to  over-all  efficiency? 

— to  customer  good-will? 


The  operating  voltage  you  sj^ify 
will  never  be  consistently  available 
unless  you  make  provision  for  it. 
That  can  be  done  most  economically 
and  satisfactorily  by  including  an 
automatic,  self-protecting  SOLA  Con¬ 
stant  Voltage  Transformer  as  a  “built- 
in”  component  of  your  eqviipment. 

There  are  many  standard  models 
in  ^LA  Constant  Voltage  Trans¬ 
formers  that  have  been  specifically 


'W*  ILi^  transforSmirs 

TramtflWf « If  t  Ceottont  VoTloga  •  Cold  Cofhode  lighting  •  Mercury  lampi  •  Series  lighting  •  Fluol^scenl  lighting  •  X-RayEqulpm«nt  •  lurninousTub^Slgnt 
Oil  Burner  Ignition  •  Radio  •  Power  •  Controls  •  Signol  Systems  •  etc.  SOLA  BLICTRIC  COMPANY,  2523  Clybourn  Avenue,  Chicago  14,  rilinoU 

Mammfacturtt/  in  Canada  nndtr  Uctnst  by  FERRANTI  ELECTRIC  LIMITED,  Toronto 


designed  for  built  in  use.  They  are 
being  successfully  used  today  by 
many  manufacturers  of  electrically 
energized  equipment  who  have  guar- 
ante^  the  availability  of  constant 
rated  voltage.  May  we  make  a  recom¬ 
mendation  for  your  equipment? 

^4s:s:::rt««^asssss! 


Coftd&ttC 

TRANSFORMERS 
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(centinuad) 


Racetrack  modilicotion  of  eynchrotron  de¬ 
signed  by  the  staff  of  UidTerdty  of  Michi¬ 
gan  for  Noral  research  in  subnuclear 
phenomena  at  Applied  Phyidcs  Laboratory 
of  Johns  Hopkins  Unirersity  will  derelop 
300  meT  electrons:  it  weighs  IS  tons.  Elec¬ 
trons  ore  first  linearly  occeleroted  to  0.S 
mev  in  the  15  foot  high  column  to  the  left 


ELECTRON  ART 


Over  five  million  Arnold  loud  speaker  magnets  of  the  R.M.A.  type 
have  been  produced  since  V-J  Day  under  these  quality  safeguards. 
Continued  adherence  to  them  assures  you  of  long-lived,  dependable 
product  performance. 


Nor  are  we  satisfied  that  ordinary  production  and  inspection 
methods  offer  you  adequate  quality  protection  ...  we  individually 
test  each  Arnold  magnet  in  a  loud  speaker  structure  before  shipment. 


Another  ‘‘individual  touch"  which  has  contributed  to  winning 
industry-wide  customer  acceptance  for  Arnold  magnets  is  our  estab¬ 
lished  minimum  standard  of  4,500,000  BHmax  for  Alnico  V  material. 


In  the  mass-production  of  magnets,  the  Arnold  "individual 
touch”  does  make  a  difference.  Let  us  give  you  the  whole  story. 


Portion  of  a  radiograph  of  a  throo  horse¬ 
power.  explosion  proof,  squirrel-cage  induc¬ 
tion  motor  shows  industrial  possibilities  of 
20  mev  x-rays.  Point  source  permits  lorge 
direct  magnificotion  of  image.  ,Cone  of 
x-rays  becomes  narrower  os  higher  volt¬ 
ages  ore  used  to  produce  them.  Exposure 
time  was  only  one  minute  with  motor  four 
feet  from  the  betatron 

s^ace  velocity  of  electromagnetic 
waves)  increases  as  a  consequence 
of  the  increase  in  mass  so  that  the 
high-speed  electron  will  arrive  at 
the  gap  too  late  to  be  accelerated  by 
the  r-f  field.  However,  if  either 
the  r-f  is  lowered  in  frequency  or 
the  magnetic  field  is  increased  with 
time,  conditions  for  acceleration  of 
the  electron  as  it  crosses  the  gap 
will  be  restored.  This  phase  cor¬ 
rection  of  the  cyclotron  is  the  basis 
of  the  synchrotron,  which  can 
accelerate  electrons  to  such  high 
velocities  that  they  lose  energy  by 
direct  radiation. 

Induction  Accelerators 
The  great  drawback  to  cyclotrons 
and  synchrotrons  is  that  they  re- 


NO  CEILING  ON  QUALITY 


We  are  not  satisfied  merely  to  offer  you  magnets  which  come 
up  to  the  proposed  R.M.A.  standards  .  .  .  this  is  our  minimum 
requirement.  A  quality  floor  below  which  we  refuse  to  go. 


The  AKNOLI)  FNCilNEERINf.  Fompanv 

SUiSIDIAir  OF  AlllGHCNY  lUDlUM  STfCl  CO»FO»>»T(ON 
147, EAST  ONTARIO  STREET,  CHICAGO  II,  lUINOIS 

SpmtlalittB  In  thm  manufoBlurn  of  ALNICO  HKMANINT  MAGNITS 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE  WITH  G-E  PERMANENT  MAGNETS 


The  heart  of  the  G>E  Automatic 
Coffee  Maker  is  a  tiny  but 
powerful  sintered  ALNICO  2 
magnet.  At  precisely  the  right 
moment,  it  shuts  off  the  current 
and  the  coffee  is  ready!  Press* 
ing  the  button  raises  the 
magnet  to  the  position  shown, 
where  it  is  held  by  attraction 
through  glass  to  the  nickel  disc 
at  the  bottom  of  the  siphon 
tube.  When  enough  pressure  is 
developed,  boiling  water 
surges  up  the  tube,  pulling  the 
disc  assembly  with  it.  Its  top 
magnetic  support  gone,  the 
ALNICO  magnet  drops  and 
opens  the  contact  switch. 


G.E.’s  precise  quality  control  methods  used  throughout 
magnet  production,  plus  accurate  testing  and  rigid  inspeaion 
insure  you  of  receiving  magnets  of  the  highest  uniform  quality 
for  your  application. 

Greater  flexibility  of  magnet  design  is  possible  with 
the  many  G-E  permanent  magnet  materials  now  available. 
The  large  group  of  sintered  and  cast  ALNICO  alloys  has 
been  augmented  by  the  lightweight,  non-metallic  mixture, 
VECTOLITE,  ana  by  the  ductile  permanent  magnets, 
CUNICO,  CUNIFE  and  SILMANAL.  From  such  a  wide 
choice  of  materials,  you  may  now  find  a  magnet  better  suited 
for  your  application  or  a  material  which  will  make  possible 
new  designs  heretofore  impractical  or  impossible. 

General  Electric  engineers,  backed  by  research  and 
application  experience,  have  acquired  years  of  ’’know-how” 
in  selecting  the  best  permanent  magnet  material  and  properly 
designing  magnets  for  thousands  of  products.  These  engi¬ 
neers  are  at  your  service. 

For  detailed  information  about  G-E  permanent  mag¬ 
net  materials,  fill  out  and  return  the  coupon  to  Metallurgy 
Division,  Chemical  Dept.,  General  Electric  Co.,  Pittsfield,  Mass. 


ELIMINATE  YOUR  MAGNET 
SUB-ASSEMBLY  PROBLEMS 

Consult  General  Electric  for  the  design 
and  manutacture  of  carefully  calibrated 
permanent  magnet  sub- assemblies,  ready 
for  your  final  product.  G-E  magnet  sub- 
assemblies  will  benefit  you  in  the  follow¬ 
ing  ways: 

•  Eliminate  your  assembly  line  rejects. 

•  Eliminate  calibration  problems  in  your 
factory. 

•  Elimtnate  cost  of  production  and  testing 
equipment. 

•  Eliminate  breaking  and  chipping  losses 
on  brittle  magnetic  materials. 

•  Eliminate  es^ense  of  shipping  special 
trays  for  semi-finished  magnets. 

We  shall  be  glad  to  send  you  addition¬ 
al  information  about  G-E  permanent 
magnet  sub-assemblies  upon  request. 


METALLURGY  DIVISION 
CHEMICAL  DEPARTMENT 
GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

Please  send  me  yowr  bulletin,  GES-3337A,  "Per' 
manent  Magnet  Materials." 


COMPANY 


ELECTRIC 


ADDRESS. 


STATE 


ELECTRONICS  —  Jotiirary,  1947 


C4S.40/4V  4<TAr'f  iTo  ro90iv»c>  0'vf4,9fcx 


Nylon  1-J  Crystal  Pickup 
Cartridge  in  new  installations. 


ELECTRON  ART  (continued) 

quire  large,  heavy  magnets.  An 
entirely  different  approach  to  the 
problem  of  electron  acceleration, 
avoiding  the  need  for  such  large 
magnets,  is  to  utilize  the  induction 
principle  of  transformers,  which  is 
done  in  ;the  betatron.  The  technique 
is  to  produce  an  increasing  mag¬ 
netic  flux  linking  the  orbit  of  the 
electrons.  Because  there  is  accel¬ 
eration  as  long  as  the  magnetic  flux 
is  changing  in  the  same  direction. 


THE 


Corporation 


Asiatic  Crysial  Devices  Manulactuied 
under  Brush  Development  Co.  patents 


t  * 


•  •  .  n  o  t  for  a  DAY 


not  for  d  YEAR 
,  ...  BUT  ALWAYS! 
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Use  of  Asiatic's  new 


there  are  no  phasing  problems.  Ac¬ 
celeration  is  more  dependent  on  the 
rate  of  change  of  magnetic  flux 
than  on  the'  flux  density,  so  the 
magnet  need  not  be  large.  It  is 
necessary,  however,  to  so  shape  the 
magnetic  field  that  the  electrons 
will  follow  an  equilibrium  orbit.  As 
the  electrons  go  faster  the  radius 
of  their  orbit  (r  =  mv/eB  where  r 
is  orbit  radius,  and  the  other  sym¬ 
bols  are  as  before)  would  increase, 
but  by  so  arranging  the  magnetic 
field  that  the  increase  in  flux  den¬ 
sity  at  the  orbit  just  offsets  the 
effects  of  the  increased  flux  link¬ 
ages  accelerating  the  electron,  a 
stable  orbit  is  obtained.  Electrons 
are  readily  accelerated  to  20  mev. 
The  betatron  is  used  industrially 
for  radiographing  metal  sections 
.several  feet  thick. 

To  further  reduce  the  amount  of 
iron  required  in  the  betatron,  a 


Tremsiormotion  ol  moM  to  onorqy,  os  oc- 
complishod  in  atomic  fission,  was  first  pro¬ 
duct  by  means  of  high-speed  electrons. 
Such  fission  is  most  effectiTely  produced 
by  20  mer  x-rays,  but  higher  energy  rays 
produce  other  reactions.  For  example,  en¬ 
ergy  is  conrerted  to  mass  when  Tory  high 
energy  >x-rays  pass  close  to  the  nucleus  of 
an  atom;  the  ray  vanishes  and  on  electron 
and  positron  pair  appear.  The  transforma¬ 
tion  is,  however,  not  permanent  for  the 
positron  quickly  unites  with  an  electron 
producing  new  radiation.  Dr,  H.  C.  Pol¬ 
lock,  General  Electric  Research  Loboratory 
scientist,  and  Capt.  R.  D.  Coiuad,  USN, 
Director  of  the  Planning  Division.  Office  of 
Naval  Research,  are  inspecting  a  70  mev 
synchrotron  being  built  for  Naval  research. 
First  peace-time  use  of  atomic  energy  wUl 
be  for  ship  propulsion,  second  for  heating 
cities  from  a  central  plant 


assures  phonograph  manufacturers  that  the  qual¬ 
ity  of  reproduction  shall  remain  CONSTANT,  regard¬ 
less  of  needle  replacements,  during  the  life  of 
the  instrument.  This  cartridge  employs  a  Nylon 
Chuck  and  matched,  sapphire-tipped,  knee- 
action,  REPLACEABLE  Nylon  Needle.  Because 
this  Nylon  Needle  is  matched  to  the  car-^|^H^ 
tridge,  it  is  the  only  needle  that  can  be 
used  wifh  it,  and  the  quality  of  re- 
production  must,  therefore,  remain 
unalterable  .  .  .  always. 


A.  £/*cfor  Sersw  Ho/v 
a.  2*64  £/scfor  Sersw 

C.  N»»dl»  Locating  Fin 

D.  Taporad  Nylon  Chuck 


Cross-section  View  of  Cartridge 

I.  Guard  Haight  Adiusting  Scraw 

F.  Sapphira  Playing  Tip 

G.  Taparad  Nylon  Naadia  Knaa 

H.  Naadia  Guard 

I.  Cryital  Elamant 
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ELECTRON  ART  (continutd)' 

direct  current  can  be  used  to  bias 
the  iron  core.  Furthermore  the 
synchrotron  and  betatron  can  be 
combined  to  accelerate  electrons  to 
the  100  mev  level.  The  advantage 
of  combining  the  synchrotron  with 
the  betatron  is  that  the  s)Tichrotron 
offers  the  possibility  of  repeatedly 
accelerating  electrons  a  gieat  many 
times,  thereby  obtaining  velocities 
that  would  only  be  possible  in  the 
betatron  were  the  magnetic  field  to 
increase  rapidly  for  a  long  time, 
reaching  impossible  flux  densities. 
The  advantage  of  combining  the 
betatron  with  the  synchrotron  is: 
In  the  synchrotron  as  most  con¬ 
veniently  used  for  accelerating 
electrons,  the  magnetic  field 
strength  is  increased,  whibh  in  ad¬ 
dition  to  holding  the  period  of 
revolution  constant,  changes  the 
orbital  radius.  The  magnet  is 
therefore  called  upon  to  supply  a 
field  across  a  wide  annular  ring. 
By  using  betatron  action  to  accel¬ 
erate  electrons  to  tens  of  millions 
.  of  electron  volts,  the  width  of  the 
annular  ring  over  which  magnetic 
flux  must  be  provided  is  narrowed. 

A  further  modification,  presented 
here  in  chronological  order  of  its 
inception  although  it  belongs  logi¬ 
cally  with  the  cyclotron  type  of 
accelerator,  is  the  racetrack  accel¬ 
erator.  Four  straight  sections  are 
inserted  between  quadrants  of  the 
radial  track  of  a  synchrotron.  One 
section  contains  a  cavity  r-f  accel¬ 
erator,  another  provides  space  for 
electron  injection  and  for  the  tar¬ 
get,  and  the  others  improve  the 
stability  of  the  electrons  in  their 
orbit.  The  construction  permits 
efficient  use  of  the  iron  and  exciting 
power  of  the  magnet,  allows  an 
injection  chamber  and  accelerating 
cavity  to  be  built  in  magnetically 
field-free  spaces  so  that  they  can 
be  built  of  iron  to  provide  magnetic 
shielding  at  these  critical  regions, 
and  leaves  the  entire  path  within 
the  magnetic  field  clear  of  obstruc¬ 
tion,  such  as  the  target,  so  that 
proper  flux  gradients  can  be  pro¬ 
duced. 


Medical  Research 

Measurements  of  the  effects  pro¬ 
duced  by  electron  beams  from  a  20 
mev  betatron  indicate  possibilities 
of  curing  ten  percent  more  cases  of 
cancer  than  is  possible  by  other 
techniques.  Tests  at  Michael  Reese 
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SPECIALISTS  IN  TIME 
AS  A  FACTER  OF  C  O  N  T  R  O 


JoRMry.  —  ELECTRONICS 


INTERVAL  DEUY  n  CYCLE  i  IMPULSE  PERCENTAGE 


WITH  THESE  SPECIFIC  POINTS  OF  DESIGN 
AND  PERFORMANCE  SUPERIORITY 


•  Small  Physical  Six* — x  214  x  1V4. 

•  Extremely  High  Torque— 30  in.  ozs.  at  I  r.p.m. 

•  Low  Input— 2.7  watts  at  115  or  230V.  60  Cy. 

•  Average  Heat  Rise— 30°C  at  rated  voltage. 

•  Low  Rotor  Speed— 240  r.p.m.  at  60  Cy. 

•  Precision  Cut— interchangeable  gear  trains. 

•  Twenty-eight  Speeds— 60  r.p.m.  through  1/24  r.p.h. 

•  Ample  sealed  in  Lubricant. 

•  Removable  Coils. 

•  Runs  in  any  position. 


Designers  and  builders  of  high  grade  instruments  .  .  . 
including  ourselves  .  .  .  have  long  looked  for  a  real 
precision  built  motor  combining  the  above  important 
features  and  performance  characteristics.  This  new 
Cramer  Self-starting  Synchronous  Motor  is  exactly  what 
you  have  been  looking  for.  60  cycle  available  now,  later 
production  also  planned  on  25  and  50  cycle.  Write  us  at 
once  for  further  details  outlining  your  specfic  requirements. 


THE  R.  W.  CRAMER  COMPANY 
Box  No.  3,  Centerbroek,  Conn. 
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SIMPSON  2«0,*HIOH  SINSITIVITY  SIT  TISTII 
FOR  TlljyiSION  AND  RADIO  SIRVICINO 


.  .  .  our  greatly  Increased  production  on  Simpson  Model 
260  makes  It  available  to  you  NOW  at  your  jobber's 


The  Simpson  260  is  easily  the  world's  most  popular  set  tester  for 
television  and  radio  servicing.  You  cannot  touch  its  precision,  its 
useful  ranges,  or  its  sensitivity  in  any  other  instrument  selling  for  the 
same  price  or  even  substantially  more. 

It  has  been  a  long  time  since  we  have  been  able  to  produce  enough 
260’s  to  meet  the  demand,  because  the  260  has  consistently  outbid 
every  other  remotely  similar  test  instrument.  The  reason  is  simple: 
it  out'performs  and  out>values  them  all.  Simpson  advanced  engineer* 
ing  and  unyielding  standards  of  quality  and  precision  manufacture 
enable  it  to  sfay  accurate  under  conditions  ordinary  instruments  can¬ 
not  survive. 

Incidentally — ^production  on  other  Simpson  instruments  is  clear¬ 
ing,  too.  We  feel  confident  that  it  will  not  be  long  before  you  caOj 
buy  those  Simpson  instruments  you  have  waited  for. 

,A$k  your  jobber  for  the  Simpson  260*^he  has  it  ooud 


SIMPSON  ELECTRIC  COMPANY 
S200*S21t  W.  Kini*  St..  Chicago  44,  III. 


RoaRct  to  5000  Ydtp—Soth  A.C.  ood  D.C. 

20.000  OftMf  por  Volt  D.C. 

1000  Okmt  por  Volt  A.C. 

At  20,000  ohms  per  volt,  this  instnimeat  U  for 
more  sensitive  than  any  other  instrument  even  ap¬ 
proaching  its  price  and  quality.  The  practically 
negligible  current  consumption  assures  renurkably 
accurate  full  scale  voltage  readings.  Current  read¬ 
ings  as  low  as  1  microampere  and  up  to  500  milli- 
amperes  are  available. 

Resistance  readings  are  equally  dependable.  Tests  ' 
up  to  10  megohms  and  as  low  as  Vi  ohm  can  be 
made.  With  this  super  sensitive  instrument  you  - 
can  measure  automatic  frequency  control  diode  bal-  ^ 
ancing  circuits,  grid  currents  of  oscillator  tubes 
and  power  tul^,  bias  of  power  detectors,  auto¬ 
matic  volume  control  diode  currents,  rectified  radio 
frequency  current,  high-mu  triode  plate  voltage 
and  a  wide  range  of  unusual  conditions  which  can¬ 
not  be  checked  by  ordinary  servicing  instruments. 
Ranges  of  Model  260  are  shown  below. 


Price,  complete  with  test  leods . . 

. $31.05 

Corryinq  cose  .... 

. $5.55 

Volb  D.C.  (At  20,000  Volts  A.C.  (At  1.000 

Output 

ohms  per  volt) 

ohms  per  volt) 

2.S 

2A 

2AV. 

10 

10 

10  V. 

50 

50 

SO  V. 

250 

250 

250  V. 

1000 

1000 

1000  V. 

5000 

5000 

5000  V. 

Milli-  Micro- 

amperes  amperes 

Ohms 

D.C. 

10  100 

0-1000  112  ohms  center) 

100 

0-100,000  1 1200  ohms  center) 

too 

0-10  Megohms  (120,000  ohms  center) 

(S  Decibel  ranges:  —10  to  -1-52  Dl) 

ASK  rOUR  40ftER 
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'  -AT  LOWER  COST! 


Fast  pump-down  to  extremely  low  absolute  pressures  ...  to  nearly 
nothing  .  .  .  mokes  the  Kinney  High  Vacuum  Pump  invaluable  for 
preliminary  roughing,  washing,  and  finishing  stages  in  lamp  and  elec¬ 
tronic  tube  manufacture. 

I  Lower  final  pressures  and  faster  pump-down  mean 
'  shorter  production  time. 

O  Higher  pumping  speeds  permit  smaller  pumps  to  do 
^  the  work. 

3  Smaller  motors  reduce  power  costs. 

4  Automatic  lubrication  and  oil  sealing  lengthen  pump 
^  life  and  prevent  re-expansion. 

Accepted  as  standard  equipment  in  the  production  of  incandescent 
lamps,  and  electronic  tubes,  Kinney  High  Vacuum  Pumps  are  serving 
dependably  in  countless  other  applications  where  low  absolute  pres¬ 
sures  must  be  maintained.  Kinney  Single  Stage  Pumps  produce  low 
absolute  pressures  to  10  microns  or  less;  Compound  Pumps  to  0.5 
micron  or  less. 

KINNEY  MANUFACTURING  COMPANY 


SMS  WASHINGTON  ST.,  BOSTON  30,  MASS. 

NEW  YORK  •  CHICAGO  •  PHILADELPHIA  •  LOS  ANGELES  •  SAN  FRANCISCO 
FOREIGN  ItePRESENTATIVES 

Ganerol  Enginaering  Co.  (Radcliffa)  Ltd.,  Station  Works,  Bury  Road,  Radcliffa,  lancashira,  England 
Horrocks,  Roxburgh  Pty.,  Ltd.,  Mel^urna,  C.  I.  Australia 
W,  S.  Thomas  &  Taylor  Pty.,  Ltd.,  Johannesburg,  Union  of  Muth  Africa 

Wi  ALSO  MANUFACTURE  LIQUID  PUMPS,  CLUTCHES  AND  BITUMINOUS  DISTRIBUTORS 


IGH  VACUUM  PUMPS 


Hospital  indicate  that  high-energy 
electron  beams  are  more  effective 
than  x-rays.  The  electron  beam  is 
brought  out  of  the  betatron  through 
an  iron  tube  inserted  tangentially 
to  the  orbit. 

In  the  case  of  x-ray  treatment  of 
tumors,  dosage  that  can  be  deliv¬ 
ered  to  malignant  cells  Is  limited  by 
the  radiation  that  adjacent  healthy 
tissue  can  tolerate.  In  treating 
surface  tumors,  a  nondirectional 
x-ray  source  is  placed  very  close  to 
the  area  being  treated.  Intensity 
of  radiation  is  thus  high  at  the 
cancerous  tissue  but  decreases 
rapidly  beyond  it.  However,  when 
treating  internal  cancers  such  ad¬ 
vantage  cannot  be  taken  of  the 
decrease  of  radiation  density  with 
distance.  The  treatment  must  be 
limited  to  such  iosage  as  will  not 
harm  intervening  healthy  tissue 
•through  which  the  x-rays  must 
pass. 

To  destroy  cells,  radiation  is  used 
to  produce  ionization  within  them. 
Using  an  electron  beam  projected 
through  the  cells  to  produce  ioniza¬ 
tion  has  several  advantages  over 
using  x-rays.  There  appears  to  be 
a  critical  velocity  at  which  maxi¬ 
mum  ionization  is  caused.  A  high¬ 
speed  beam  of  electrons  can  be 
projected  through  healthy  cells  with 
little  harm,  but  by  the  time  the 
beam  reaches  the  malignant  cells 
the  electrons  will  have  slowed  down 


Micro  Mcond  oxpoauro  tlmo  makos  potsi- 
blo  x-ray  ttudy  of  high-ipood  •fiocti  on 
matorial  and  porsonnol  ,nuch  oi  dolormo- 
lion  oi  football  at  kickoff,  fnntoad  of  using 
high-voltage  electrons  to  produce  very 
penetrating  x-rays,  high  currents  are  used 
to  produce  intense  radlotien.  Potential 
gradients  of  10  to  100  million  volts  per 
centimeter  are  used  to  produce  celd-coth- 
ode  field  emission.  High  arc  currents  va¬ 
porise  cathode,  forming  a  vapor  cathode 
oi  metallic  ions  that  emits  1,000  amperes. 
Tube  operates  at  300  kilevelts,  960  am¬ 
peres  for  one  microsecond  intervals;  x-rays 
penetrate  one  inch  of  steel.  Equipment 
made  by  Westinghouse  is  small  because 
high  voltage  is  applied  so  briefly  that  on 
air  arc  has  insufficient  time  to  strike 
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Uniform  purity  and  top  quality  of 
Schweitzer  Insulating  Papers  are  assured 
by  the  innumerable  quality  controls 
and  tests  throughout  the  manufacturing 
process.  Designed  for  paper  or  electrolytic 
capacitors,  coils,  transformers  and  other 
insulating  purposes,  these  papers, 
are  supplied  in  thicknesses  ranging  from 
.00025''  to  .004". 

I 

SCHWElIzER  PAPER  CO. 

182  Cornelison  Avenue,  Jersey  City,  N.  J. 

Plants:  Jersey  City,  N.  J.,  Mt.  Holly  Springs,  Pa. 
Research  Laboratories  and  New  York  Office; 

Chrysler  Building,  New  York  17,  N.  Y. 
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K-32SL 


Type  K’  Receptacles  are  available 
in  nine  sizes  &  three  styles.  K-32SL 
Moundne  Receptacle  shown  above 
has  a  wioer  flange  than  K-32S,  and 
is  adaptable  for  pin  inserts  only. 
Type  K.K-31SL  carries  socket  in¬ 
sert  assemblies  only.  Shell  material 
is  light-weight  aluminum  alloy. 


CanmoM  Elttiric  type  K-32SL  Receptaele  on 
CMins’  "ISOK-l"  Antenna  Loading  Unit. 


There  are  two  angle  90*  plug  styles 
in  the  Type  "K”  Series:  K-23  shown 
above  and  ‘'RK-24”  which  carries 


pin  insert  assemblies  only.  K-23 
carries  socket  insert  assemblies 


only.  Split  shell  construction  makes 


mg  operauons 


Camnem  Electric  Type  K’23  Angle  9<fi  Plug 
on  testing  equipment. 


Three  types  of  straight  plugs  are 
available  in  the  "K”  series:  "RK-22” 
shown  above,  having  pin  insert  as¬ 
sembler;  •'K-21'’  with  socket  insert 
assembly,  and  K-22  which  has  no 
coupling  nut  and  is  used  almost  ex¬ 
clusively  for  extension  cable  use. 
Both  Straight  and  Angle  90*  styles 
are  available  with  integral  cable 
clamps  and  are  designated  by  add¬ 
ing  *'C”  to  the  number,  as  "K-2 IC”. 


Cannon  Electric  K~22C;  K-32SL.  Statbam 
Laboratories’  Dynamometer,  Accelerometer 
and  Pressure  Transmitter. 


Also  available  in  the  *'K”  and  "RK”  Series  are  Straight  Junction  Shells, 
Angle  90*  Junction  Shells,  Dummy  Receptacles  and  Dust  Caps. 

For  complete  information  on  this  connector  series,  write  for  the  Cannon 
Electric  Type  *'K”  Bulletin.  Prices  are  quoted  on  specific  assemblies  by  fac- 
torv  or  reoresentatives.  No  nrice  list  is  available.  Address  Denartment  A- 120. 
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to  their  optimum  ionizing  velocity, 
and  will  emerge  from  the  tumor 
with  too  low  a  velocity  to  cause  fur¬ 
ther  damage.  The  20  mev  electron 
beam  from  a  betatron  penetrates 
10  cm  of  tissue  with  maximum  ioni¬ 
zation  between  7  and  8  cm.  There 
is  another  phenomena  that  also  acts 
to  m^ke  the  technique  useful.  The 
susceptibility  to  destruction  by 
ionization  is  highest  in  cells  under¬ 
going  fission.  As  malignant  cells 
are  dividing  more  actively  than 
normal  cells,  they  are  more  likely 
to  be  destroyed  than  other  cells. 


Self-Regulating  Field 
Excitation  for  Magnetrons 

By  H.  C.  Early  and  H.'  W.  Welch 

Radio  Reoearch  Laboratory 
Harvard  Univertity 
Cambridge,  Matt. 

Stable  magnetron  operation  can 
be  obtained  by  utilizing  the  anode 
current  as  excitation  for  the  mag¬ 
netic  field,  instead  of  using  a  per¬ 
manent  magnet  or  a  separately 
excited  electromagnet.  The  volt- 
ampere  characteristic  of  the  mag¬ 
netron  can  be  made  to  correspond 
to  a  constant  power  curve  over  a 
significant  part  of  the  operating 
range,  or  to  optimum  modulating 
conditions. 

Series  Magnet  Connection 

Using  a  series  connection  of  field 
and  anode  circuit,  adjustment  of 
anode  voltage  is  less  critical  and 
the  tuning  range  for  fixed  voltage 
is  greater  than  for  constant  magnet 
excitation.  In  experimental  circuits 


CANNON  ElECTRIC 


J0 


CANNON 


ElECTRIC  ,  >  DEVELOPMENT  COMPANY 


0  Oil  az  <X3  0.4 

MAGNETRON  CURRENT  IN  mKRCS 


3209  Humboldt  Street,  Los  Angeles  3 1  California 

Canada  &  British  Empire  —  Cannon  Electric  Ca.,  ltd.,  Toronta,  Ontaria  •  V/orld  Export 
Ag  ents  (excepting  British  Empire)  Frozar  &  Hansen,  301  Clay  St.,  San  Francisco  11,  Calif. 


FIG.  1 — Comparison  of  oscillatinq  mag- 
nstron  charactoristics.  (Laboli  should  bs 
rovsrsod) 
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m  “This 

New  Year 

stuff  makes  you  kind  of  think  of 
the  changes  and  improvements 
that  are  taking  place.  Now  that  we 
are  working  so  much  more  with 
miniatures  I-  don’t  know  how  we 
ever  got  along  without  them. 
Take  the  Tung-Sol  35 W4  power 
rectifier  that  replaces  the  old 
35Z5GT. 

“You  know  this  tube  was  de¬ 
signed  especially  for  series  heater 
operation  in  five  or  six  tube  ac/dc 
receivers.  The  35W4  is  a  good  job 
.  .  .  no  other  rectifier  will  give 
you  all  its  features.  Heater  volt¬ 
ages  add  up  .  .  .  you  don’t  need 
to  throw  away  power  in  line 


cords,  ballast  tubes,  or  resistors. 
And  for  rectification  efficiency... 
say,  the  35 W4  will  make  an  ac/dc 
receiver  perform  just  as  effec¬ 
tively  on  dc  as  on  ac  power.  Since 
you  must  have  a  pilot  light,  the 
tapped  heater  circuit  of  the  35W4 
gives  you  a  fool-proof  system 
which  minimizes  lamp  surges  yet 
gives  good  illumination. 

“High  ambient  temperature  is 
another  point.  You  have  to  con¬ 
sider  it  in  regard  to  its  effects 
on  the  rectifier  as  well  as  other 
circuit  components  and  on  fire 
underwriters  standards.  The 
35 W4  can  tolerate  an  ambient  as 
high  as  150"  C.  This,  of  course,  fits 
in  with  the  compactness  of  the 
resulting  equipment.  The  smaller 


the  tubes,  the  closer  all  parts  are 
assembled  hence  the  higher  the 
temperatures. 

“The  use  of  two  35W4’s  is  per¬ 
fectly  practical  for  voltage 
doubler  applications.  At  117  volts 
input,  a  full-wave  doubler  de¬ 
livers  100  ma.  at  230  volts  to  the 
filter  input  or  100  ma.  at  210  volts 
with  the  half-wave  doubler.  Think 
what  this  means  in  terms  of  power 
output  in  ‘transformerless’  ac 
power  amplifiers !  When  you  have 
a  circuit  demanding  up  to  4.5 
amperes  peak  current  for  very 
short  intervals  look  into  the 
35W4  .  .  .  there  go  the  whistles. 
Happy  New  Year— Everybody !’’ 
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LAMP  WORKS,  INC.,  N  K  W  A  R  K  4  ,  NEW  JERSEY 

;  Atlanta  •  Chicaco  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
7  Miniature  incandescent  Lamps,  AlUGlass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 


bales  Ufiices: 
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LONG 


SHUNT 


LAST! 


ANDREW  CQ 

^363  EAST  75tK  STREET  •  CHICAGO  19 
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ELECTRON  ART  (continued) 

it  is  possible  to  put  the  tube  into 
oscillation  at  low  power,  observing 
tube  operation  before  applying  full 
power.  The  oscillating  state  of  a 
magnetron  with  series  excitation 
rises  uniformly  with  applied  power 
instead  of  suddenly  for  fixed  excita¬ 
tion,  as  shown  in  Fig.  1.  Parasitic 
oscillation  at  low  anode  voltages  or 
oscillation  at  abnormal  modes  is 
avoided.  In  addition,  the  high  in¬ 
ductance  of  the  magnet  winding 
can  be  used  in  the  anode  power 
supply  filter,  and  the  output  power 
can  be  controlled  by  a  single  Variac 
in  the  input  power  line. 

Design  of  the  field  magnet  is 
restricted.  Minimum  anode  cur¬ 
rent  and  maximum  flux  required 


Greeted  with  a  flood  of  orders  when 
introduced  lost  year,  the  popular 
Andrew  Folded  Unipole  Antenna 
now  is  flowing  off  the  production 
line  at  a  rote  which  permits  immedi¬ 
ate  shipment  from  stock. 


SEND  IN  YOUR  ORDER  NOW 


Used  for  transmitting  and  receiving 
in  the  30  to  44  MC  and  72-76  MC 


frequency  ranges,  it  easily  outper¬ 
forms  other  antennas  selling  at  sev- 


NEGATIVE  HIGH  POTENTUkL 


POSITIVE  HIGH 
POTENTIAL 


erol  times  its  price.  Here  is  the  ideal 
communications  ontexma  for  police, 
fire,  forestry,  railroad  and  aviation 
services. 

Here’s  why  this  antenna 
is  unusually  satisfactory: 

e  Perfect  impedance  matching  elimi¬ 
nates  tricky  adjustment  ol  loading.  Users 
report  transmitter  loads  the  some  on 
anteima  ond  dummy,  regardless  ol  line 
length. 

•  Improved  signal  strength  over  ordi¬ 
nary  coaxial  or  other  dipole  antennas. 

•  Grounded  radiating  element  provides 
static  drain,  improving  signal  to  noise 
ratio  and  minimising  lightning  hazard. 

•  Weighs  only  20  pounds  with  clamps. 
Easy  to  install. 

•  Inexpensive.  Antenna  costs  only 
$60.00,  mounting  clamps  $6.00,  trans¬ 
mission  line  adaptor  kit  $6.00  (specify 
size  and  type  of  Line). 


for  •Rective  solutions  to  your  antonna  problems 
consult  Androw  Co.,  designers,  engineers  and 
builders  of  antenna  equipment.  Expert  factory 
installation  service  available. 


FIG.  2 — Mognetron  with  series  field  ex¬ 
citation  ol  its  mognet 

by  the  tube  determine  the  amount 
of  iron,  thermal  capacity,  and 
number  of  turns  of  the  magnet.  If 
the  magnet  saturates,  self-regulat¬ 
ing  properties  of  the  circuit  are 
lost. 

The  circuit  can  be  connected  as 
shown  in  Fig.  2.  The  magnet  wind¬ 
ing  can  be  used  in  the  power  supply 
filter  provided  the  plate  trans¬ 
former  has  low  capacitance  to 
ground.  The  anode  block  of  the 
magnetron  is  at  ground  potential 
for  convenience  in  providing  water 
cooling.  The  shunt  provides  adjust¬ 
ment  of  the  field  to  match  the 
characteristic  of  the  particular 
tube,  or  to  control  the  output  power. 

Although  a  separate  field  excita¬ 
tion  supply  is  unnecessary,  the 
anode  supply  must  provide  the 
voltage  drop  through  the  magnet 
winding.  A  spark  gap  or  Thyrite 
resistor  across  the  magnet  winding 
should  be  provided  for  protection 
of  its  insulation  against  voltage 
surges.  The  series  magnet  reduces 
effects  of  changing  line  voltage  and 
power  supply  ripple.  A  combina¬ 
tion  of  series  and  shunt  field  wind¬ 
ings  can  be  used  to  obtain  a  variety 
of  characteristics.  Thyrite  resis- 
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VERSATILITY 


PLASTIC  MATERIALS 


PROCESSING  METHODSI 

Each  part  exempiifias  precision  unto 
Hself  and  in  relation  the  various 
other  components  in  this  razor. 

Consolidated  designed  and  built  all 
of  the  dies  —  and  processed  all  of  the 
parts! 

Some  cases  and  covers  were  injection 
molded  of  Polystyrene  —  others,  com¬ 
pression  molded  of  Urea.  The  two  hair 
pockets,  the  two  attachment  plug  halves, 
the  cord  ring  and  transparent  head- 
quart  —  all  were  injection  molded  of 
Polystyrene. 

When  the  eight  finished  pieces  are 
brought  together,  they  become  an  ac¬ 
curate  plastic  assembly  of  individual 
precision  parts. 

Consolidated  treasures  these  "pieces 
of  eight"  . . .  We  show  them  to  not  only 
highlight  our  plastics  experience,  skill 
and  completeness  —  but  to  also  indicate 
our  desire  to  take  on  nK)re,  similarly 
intricate  problems.  Your  inquiry  is 
therefore  invited. 


INJECTION  COMPRESSION  TRANSFER 
MOLDING  MOLDING  MOLDING 


Consolidated 

I  MOLDED  PRODUCTS 
H  309  CHERRY  STREET.  SCRANTON  2,  PA. 


NIW  YORK  •  CHICAGO  •  OtTROn  •  BRIOGfPORI  •  CUVCIAND 
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A  MICROPHONE  BY  TURNER 

Whether  it’s  a  general  purpose  unit  for  voice  and  music,  or  a  unit 
for  a  specialized  application  you’ll  always  be  confident  of  accurate 
pickup  and  faithful  reproduction  when  your  microphone  is  a 
Turner.  Turner  Microphones  are  proving  their  superiority  in  design 
and  manufocture  to  new  users  every  day. 


Illustrated  is  the  Turner  Model  33— a  high  fidelity  all  purpose 
microphone  that  combines  high  output  with  smooth  response  over 
a  wide  frequency  range.  Its  matched  acoustic  design  results  in  crisp, 
clear  speech  reproduction  . . .  music  is  foil  and  round  with  tonal 
qualities  fsithfoUy  retained.  Furnished  in  a  choice  of  high  quality 
crystal  or  rugged  dynamic  circuits.  It  is  recommended  for  studio 
recording,  remote  control  broadcast,  orchestra  pickups,  paging,  dis* 
patching  and  call  systems,  public  address  and  communications  work. 


tors  can  be  used  for  field  shunts  to 
further  alter  the  overall  magnetron 
operation.  (Work  reported  herein 
was  done  at  RRL  under  contract 
with  OSRD,  NDRC,  Div.  15.) 

French  Microwave 
Telephone  Circuit  ^  . 

Prom  Mf<iraw-Hill  World  Newn 

Equipment  for  microwave  trans¬ 
mission  of  12  simultaneous  tele¬ 
phone  conversations  in  both  direc¬ 
tions  was  put  into  operation  last 
April  between  Paris  and  Mont¬ 
morency,  France.  The  equipment 
consists  of  separate  transmitter- 
receiver  pairs  for  each  direction, 
one  pair  operating  at  nine  centi¬ 
meters,  the  other  at  ten;  one  uses 
horizontal  polarization,  the  other 
vertical,  and  thus  interaction  be¬ 
tween  pairs  is  avoided. 

Transmitter 

The  frequency-modulated  trans¬ 
mitter  that  superimposes  the 
twelve  carrier-current  telephone 
circuits  spaced  from  12  to  60  kc  on 
the  10-cm  radio  carrier  uses  a 
velocity  -  modulated  positive  -  grid 
tube.  Modulation  is  accomplished 
by  varying  the  anode  potential,  the 
tube  having  a  nearly  linear  fre¬ 
quency-potential  characteristic  over 
a  20-mc  range,  more  than  used  in 
the  frequency  modulation.  The 
5,000  volts  on  the  anode  is  stabilized 
by  counter-reaction  against  a 
standard  battery,  giving  a  fre¬ 
quency  stability  of  one  part  in  100,- 
000.  Distortion  in  the  preamplifier 
and  modulator  is  reduced  by  local 
negative  feedback. 

Possible  distortion  in  the  fre¬ 
quency  modulator  Is  prevented  by 


TURN  TO  TURNER  FOR  THE  FINEST  IN  ELECTRONIC  EQUIPMENT 


ImpeJamct:  Hich  impedmnce. 

Crystal:  Hish  quality  moisture  sealed 
crystal. 

Stand  CaupUr;  Standard  %  *—27  thread. 
Cablt:  20  fit.  removable  cable  set. 


MODU  sax  CXYSTAL 

Rtspamte:  Flat  within  ±  5db  from 
30-10,000  cycles. 

Output  Ltvtl:  32db  below  1  volt/ 
dyne/sq.  cm. 


Imptdantt:  30  ohms/2S0  ohms/SOO 
ohms/higb  imoedance. 

Magnttic  cirxuit:  Heavy  duty  dynamic 
cartridge. 

Stand  Coufitr:  Standard  36' — 27  thread. 
Cablt;  20  ft.  removable  cable  set. 


MODIL  as  DYNAMIC 

Rtspanse:  Flat  within  ^Sdb  from 
40-10,000  cycles. 

Output  Ltvtl;  S2db  below  I  volt/ 
dyne/sq.  cm. 


SOS  17th  StiwDt  N.  E.,  C«dar  Rapkto,  Iowa 

Lkwtad  aader  U.  S.  Pstsats  of  the  Ameticsa  TolephoM  sad  Toloiraph  Compsay,  tad  Wsstora 
Elactric  Coaipaay.  iacorporatad.  Crystab  Kcoasad  aader  patoats  of  tho  Brash  Oovolopinont  Compsay. 


In  tha  Montmorancy  atotlon  of  tha  mlcro- 
wova  talaphona  link,  horn  radiators  ora 
mountad  on  adjiutobla  tripods  allowing 
pracisa  pointing  lotarolly  and  in  azimuth 
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HA  t n M AH 


DOES  IT  AOAIN! 


QRTABi£  INDUSTRIAL  &  TELEVISION 


MODEL  S-11-A 


WATERMAN  PRODUCTS 


AN  OSCILLOSCOPE  OF  UNUSUAL 
_  VERSATIUTY  and  UTIUTY 

LIGHT  . .  .  COMPACT  . . .  EFFICIENT 


SEE  THIS  NEW  PORTABLE  ’SCOPE  AT  THE  SHOW:  BOOTH  116 

A  3-inch  oscilloKope  for  measuring  AC  and  DC  . . .  Amplifiers 
for  vertical  and  horizontal  deflection  as  well  as  intensity  . . . 
Linear  time  sweep  from  4  cycles  to  50  kc  with  blanking  of 
return  trace . . .  Sensitivity  up  to  TOO  mv/in . . .  Fidelity  up  to 
350  kc  through  amplifiers ...  Attenuators  for  AC  as  well 
as  for  DC .  .^ush-pull  amplifiers ...  Anti-ostigmotic  center¬ 
ing  controls ...  Trace  expansion  for  detail  observations. 

Direct  connections  to  deflecting  plates  and  intensity  grids  accessible 
from  rear . . .  Retractable  light  shield  . . .  Detachable  graph  screen  . . . 
Handle  . . .  Functional  layout  of  controls. 


Light  weight)  8%  lbs.  .  .  .  Portable  sizei  11"  x  7"  x  S"  . .  . 


...and  the  GENERAL  PURPOSE 


♦99  r 


.0.1.  PHILA. 


MODEL  S.10-A 


Widely  known,  widely  used  by  engineers,  industry, 
amateurs  and  laboratories  for  convenient,  efficient  and  accurate 
testing  and  measuring  requirements ...  an  instrument  of  versatile 
application  and  dependable  performance. 

OO  P.O.I.  PHILA. 


INITIAL  SHOWING  AT  THE 

ELECTRICAL  ENGINEERING  EXPOSITION 

NEW  YORK  CITY.  JAN.  27-31.  BOOTH  116 


WATERMAN  PRODUCTS  COMPANY 

INCORPORATED 

PHILADELPHIA  25,  PENNSYLVANIA 


a  frequency  compression  technique. 
A  portion  of  the  transmitter  output 
is  demodulated  and  reinjected  at 
the  modulator  in  phase  opposition 
to  the  existing  modulation.  In  this 
fashion  the  frequency  excursion  of 
the  transmitter  is  reduced  and  the 
linearity  of  modulation  improved, 
provided  the  auxiliary  ciPeuit  intro¬ 
duces  no  distortion.  To  make  the 
auxiliary  circuit  linear,  local  fre¬ 
quency  compression  is  used  around 
it. 

Receiver 

The  receiver  also  uses  the  prin¬ 
ciple  of  frequency  compression  to 
obtain  a  quality  comparable  to  the 
best  telephone  wire  circuits.  A 
positive-grid  local  oscillator  and 
diode  converter  are  used ;  the  latter 
has  an  especially  flat  filament  to 
avoid  differences  in  electron  transit 
times.  The  converter  feeds  a  wide¬ 
band  amplifier  which  in  turn  feeds 


i 

Precision  fastening  fer  any  need:  ^ 

Waides  Truarc  Special-Type  Retaining  Rings° 


Provtdet  uni> 
form  shoulder 
for  curved 
abutting  sur¬ 
faces,  for  bear¬ 
ings  with  large 
comer  radii. 


Takes  up  end- 
play  rigidly  or 
resiliently.ac- 
commodates 
accumnlated 
tolerances. 


Economical 
where  thrust  is 
moderate  — 
holds  fast,  yet 
shaft  requires 
no  machining. 


3-picce  ring 
takes  heavy 
thrusts,  gives 
positive  lock, 
secure  against 
high  RPMs. 


Snaps  on  radi¬ 
ally  where 
axial  assembly 
is  Impossible. 
No  special 
tools  needed. 


Variant  of  Cres¬ 
cent  for  small 
shafts;  provides 
large,  strong 
shoulder.  Easily 
removed. 


•  There’s  a  Waides  Truarc  precision-engineered  tions,  it’s  a  simple  matter  to  refine  your  present  designs  to 
ring  to  answer  every  need.  Truarc  Retaining  Rings  give  a  save  material,  machining  and  assembly  costs.WaldesTruarc 
never-failing  grip  because  of  their  mathematically  precise  engineers  will  help  you,  will  give  your  particular  problem 


construction.  No  matter  how  demanding  your  specifica-  individual  attention  without  obligation. 


Wtldet  Kohinoor,  Inc.,  47-10  Auttel  Place 

Long  Island  City  1,  N.  Y.,  Dept.  I8-J 

Please  send  Catalog  No.  4  on  Truarc  Retaining  Rings  to 


PORTABLE  STROBOSCOPE 


•> 

This  newly  developed  stroboscope  employs  a  novel  circular  ar¬ 
rangement,  using  a  self-blocking  oscillator.  Rotary  or  vibratory 
motion  can  be  "stopped”  when  the  moving  object  is  examined 
with  stroboscopic  light  source.  The  speed  covered  is  from  600  to 
48,000  RPM  (10-800  CPS),  in  4  ranges.  A  synchronized  reed  is 
provided  for  accurate  calibration  against  the  line  frequency. 

A  valuable  aid  in  industry  for  the  slow-motion  study  of  rotating, 
reciprocating,  or  vibratory  mechanisms,  CML  1210  is  also  useful 
for  studying  mechanical  stresses  and  strains  under  dynamic 
conditions. 

The  light  source  is  contained  in  a  probe  attached  to  a  4-foot 
flexible  cable.  This  unusual  feature  makes  CML  1210  especially 
useful  when  using  the  Stroboscopic  light  in  small  out-of-the-way 
places.  The  light  probe  and  cable  are  housed  in  the  cabinet  when 
the  Stroboscope  is  not  in  use.  The  handle  of  the  probe  is  then 
used  to  carry  the  instrument. 

Write  for  Descriptive  Bulletin 

COMMUNICATION  MEASUREMENTS  LABORATORY 

120  GREENWICH  STREET,  NEW  YORK  6.  N.  Y. 

Sales  Offices:  CHICAGO:  612  N.  Michigan  Ave— WASHINGTON:  {)24  19th  St.,  N.W. 
PHILADELPHIA :  Van  Dam  Building,  10th  and  Market  Sts. 
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vier  et  G.  Phelizon,  Science  et  Vie, 
June  1946. 

Metallizing  Applications 

Deposition  of  thin  layers  of  mate¬ 
rial  from  the  vapor  state  has  grown 
from  a  laboratory  method  of  ob¬ 
taining  layers  a  few  muUyuules  thick 
to  a  versatile  industrial  technique. 
Glass  attenuators  for  precision 
measurements  of  microwaves  are 
made  by  metallizing  glass.  Thick¬ 
ness  of  the  film  is  accurately  gaged 
by  measuring  its  conductivity  dur¬ 
ing  deposition.  Research  for  the 
process  was  conducted  at  the  Poly¬ 
technic  Institute  of  Brooklyn  (PB- 
6589,  47  p.,  Dept,  .of  Comm.).  Co¬ 
axial  metallized  glass  attenuators 
and  wave  guide  pads  have  been  pro¬ 
duced  by  the  technique  (PB-6688, 


Woreguid*  ottanuotor  is  built  around  a 
motoUised  glass  resistance  element 


50  p.,  Dept,  of  Comm.).  Using  the 
same  technique,  precision  metal- 
ized  glass  resistors  for  pulse  cir¬ 
cuits  were  produced.  (PB-5186,  12 
p.,  Dept,  of  Comm.). 

Samples  for  metallurgical  test¬ 
ing  are  prepared  "by  the  vaporiza¬ 
tion  process  at  the  research  labora¬ 
tory  of  the  Leningrad  Electric 
Lamp  Factory'  in  Russia,  where 
radio  tubes  are  manufactured.  To 
prepare  alloys  of  all  possible  com¬ 
binations  of  proportions  of  the 
constituent  metals,  the  various 
alloying  metals  are  heated  to  incan¬ 
descence  in  a  vacuum  and  the 
stream  of  particles  emanating  from 
them  is  made  to  mix  on  a  screen  to 
form  what  might  be  called  an  alloy 
spectrum.  The  technique  offers  an 
extremely  fast  method  of  preparing 
a  range  of  alloys  for  study  of  their 
properties. 
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Communications 
Is  My 
Business  % 


communications  engineer.  I’m  engaged  in  the  design, 
specification,  purchase,  installation,  and  operation 
of  a  wide  variety  of  communication  equipment 
ranging  all  the  way  from  radio  systems  and  units,  pubhc  address 
and  inter-communication  systems,  recording  equipment,  etc. 
to  hearing  aids  and  television. 


Communications  is  a  fast  moving,  highly  competitive  business. 
There’s  constant  demand  for  innovation  and  improvement, 
and  engineers  must  have  at  their  fingertips  up  to  date, 
authoritative  information  on  all  product  sources 
as  well  as  product  specifications. 


I  use  the  BUYERS’  GUIDE  .  .  .  why  it’s  as  indispensable  as  a  slide  rule  to  me  as 
well  as  to  every  engineer  in  my  field  ' 


Mr.  Manufacturer: 

Your  advertisement  in  the  Buyers’ 
Guide  will  be  seen  by  over  29,000 
subscribers  and  120,000  pass  on 
readers  ...  a  complete  and  select 
audience  made  up  of  the  hard  to 
reach  men  throughout  industry 
whose  function  is  the  specification 
and  purchase  of  electronic  com¬ 
ponents,  equipment,  and  allied 
products.  Give  these  men  the  in¬ 
formation  they  need  to  design-in 
and  specify  your  products— in  the 
ELECTRONICS  Buyers’  Guide. 


THE  BUYERS’  GUIDE  PROVIDES 


the  names  and  addresses  of  over  3000  companies  making  electronic  components, 
equipment,  and  allied  products.  It  contains  a  logical, 
easy-to-use,  and  detailed  system  of  product  classification 
that  enables  me  to  locate  quickly  all  product  sources. 

In  addition,  there  are  special  features,  graphs,  tables,  indices  etc. . .  * 
valuable  day  to  day  working  tools  for  the  engineer. 


THE  ADVERTISING  CONTENT 


supplies  most  of  the  information  I  need  to  examine,  compare,  and 

then  design-in  and  specify  components,  equipment,  and  allied  products.  • 

Manufacturers  using  the  Guide  for  the  presentation  of  complete  catalog  type  copy 

on  their  full  line  of  products  perform  a  valuable  service  . . . 

save  engineers  like  myself  time  and  energy  in  thumbing  through  endless  files 

and  folders  or  writing  to  manufacturers  for  additional  information.” 


A  MeCKAW-HIU  PUtLICAVOH 


g  A  MtGKAW.HIU  fUtLICAriON  ^ 

electronics  - 

BUYERS’  GUIDE  ISSUE 


330  WEST  42ncl  ST.,  NEW  YORK  18,  N.Y. 


A  13Hi  ISSUE  *  FREE  TO  SUBSCRIBERS  •  PUBLISHED  EVERY  JUNE  tSth 
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1.  Un«ar  fraqucncy  tw««p  davialion  adjvtiabi* 
froM  x«ro  to  900  kc  pook  to  pook. 

9.  Varnior  froquoncy  control  of  1 00  kc  ollowt  zaro 
baot  calibration  of  main  tuning  diol  or  for  varniar 
fraquancy  daviotiom,  about  main  dial  fraquancy 
tatting. 

Stabla  r-f  gain  control  indapandant  of  fraquancy. 


4.  Fiva-stap  attenuator  of  r-f  output  giving  ovar-oll 
voltago  ranga  of  1  microvolt  to  ,1  volt  whan  usad  in 
conjunction  with  tha  gain  control. 

5.  Output  impadanca,  1  ohm  to.SSOO  ohmt. 

4.  Phona  jack  for  aural  monitoring  of  zaro  baot 
calibration  of  main  tuning  dial. 

7.  Panal  jack  to  foad  linaar  twaap  voltaga  to  x-axit 

Write  for  Bulletla 


amplifiar  of  otcillotcopa,  thui  synchronizing 
tha  fraquancy  twaap  of  tha  gonarator  with  tho 
spot  trace  on  tho  tcopa  tcraan. 

4.  VoHoga  ragulated  supply  for  internal  oscllators. 
Careful  oscillalor  design  to  minimiza  drift. 

*.  Size,  7"  wide,  9%"  high.  10V4"  deep.  Weight 
1 8  pounds. 


tures  at  the  rate  of  four  8i  x  11 
pages  every  16  minutes.  Listeners 
in  New  York,  Hollywood,  San.Fran- 
cisco,  Chicago,  and  Detroit  have,  or 
will  shortly  have  facsimile  broad¬ 
casts  available  for  such  receivers. 


NEW  PRODUCTS 


Edited  by  A.  A.  McKENZIE 


New  apparatus,  component  parts,  packaged  units 
and  allied  equipment  are  described.  Catalogs  and 
manufacturers’  publications  are  reviewed 


Thickness  Tester  (4) 

Branson  Instruments,  Inc.,  Dan¬ 
bury,  Conn.  The  Audigage  is  an  in¬ 
teresting  development  in  the  line 
of  equipment  that  uses  ultrasonic 
frequencies  for  nondestructive  test¬ 
ing  of  materials.  The  portable 
equipment,  weighing  only  14 
pounds  and  powered  by  dry  bat¬ 
teries,  operates  on  the  principle  of 
reflection  of  a  narrow  beam  of 
sound  from  the  farther  surface  of  a 
metal  plate  or  pipe.  In  practice,  a 
dial  is  turned  until  audio  modula¬ 
tion  of  the  ultrasonic  oscillator 


Tunable  Dipole  (1) 

Kings  Eu;ctronigs,  372  Classon 
Ave.,  Brookljm  5,  N.  Y.  A  new  ad¬ 
justable  dipole  .that  can, be  tuned 
for  optimum  reception  of  f-m,  tele¬ 
vision,  and  airport  frequencies  will 
be  available  shortly.  The  dipole 


cent,  and  the  noise  level  is  65  db 
below  75  kc  deviation  from  center. 
The  260-watt  unit  illustrated  can 
also  be  used  as  a  driver  for  either 
1  or  3  kw  amplifiers. 


arms  are  calibrated  so  that  it  is 
possible  to  repeat  settings  previ¬ 
ously  deteiinined.  All  hardware 
and  lead-in  cable  are  furnished  with 
the  antenna  kit. 


sounds  loudest  in  headphones.  The 
dial  reading,  calibrated  directly  in 
thickness  of  steel,  can  be  converted 
easily  to  indicate  thickness  of 
other  metals  or  glass.  The  instru¬ 
ment  has  a  range  corresponding  to 
0.09  to  4.0  inches  of  steel,  with  an 
accuracy  of  plus  or  minus  2  percent. 


Facsimile  Receivers  (3) 

Finch  Telecommunications,  Inc., 
10  E.  40th  St.,  New  York  16,  N.  Y. 
Facsimile  receivers  of  several  dif¬ 
ferent  tyi)es,  including  the  table 
model  illustrated,  combine  f-m 
broadcast  reception  with  the  record¬ 
ing  mechanism  for  printing  pic- 


F-M  Transmitter 

Raytheon  Mpg.  Co.,  7517  North 
Clark  St.,  Chicago  26,  Ill.  Essen¬ 
tially,  the  new  cascade  circuit  adds 
the  phase  shift  of  six  receiver-type 
tubes  to  produce  the  required  phase 
shift  for  noise-free  high-fidelity 
modulation.  This  method  is  differ¬ 
ent  from  the  frequency  multiplica¬ 
tion  technique  used  in  the  original 
Armstrong  system,  and  is  said  to 
result  in  an  inherent  lower  noise 
level.  Direct  crystal  control  of  the 
transmitter  is  possible  without  em¬ 
ploying  electromechanical  frequency 
stabilizers.  Frequency  response  is 
virtually  flat  from  30  to  16,000  cy¬ 
cles,  distortion  is  less  than  1  per¬ 


Thickness  Gage  (3) 

The  Sheffield  Corp.,  Box  893, 
Dayton  1,  Ohio.  The  Measuray  is 
an  x-ray  electronic  comparator  suit¬ 
able  for  production  measurement 
and  control  of  materials  moving  at 
speeds  of  5  to  5,000  feet  a  minute, 
metal  sheets  and  foils  or  noncon¬ 
ducting  plastics  and  paper.  The 
apparatus  does  not  touch  the  mate¬ 
rial  gaged  and  movement  or  whip 
up  and  down  between  signal  source 
and  detector,  within  practical  lim¬ 
its,  does  not  disturb  accuracy  of 
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REFLECTOR 


/  STRAIGHT  W  - 
j  SECTION  ^  y 

toGE  90*  ELBOW'  90’ 


PACKAGED  R.  F.  RADAR  ASSEMBLY 
ELIMINATES  DESIGN  HEADACHES 


The  DeMornay-Budd  packaged  R.  F.  Unit  provides  a 
complete  R.  F.  assembly  for  microwave  radar.  It  is  now 
possible  to  obtain  as  standard  items  all  the  microwave 
R.  F.  components  necessary  in  the  fabrication  of  a  com¬ 
plete  radar  — DeMornay-Budd  Standard  Transmission 
Line  Components  plus  packaged  R.  F.  Unit. 


The  R.  F.  Radar  Unit  is  delivered  complete  and  ready 
to  operate.  It  is  wired  and  contains  all  the  necessary 
tubes  and  crystals.  The  unit  uses  a  packaged  magnetron 
capable  of  delivering  20  kw.,  peak  power,  at  9375  me. 
Two  type  2K25  local  oscillator  tubes  are  provided,  one 
for  receiver  and  A.F.C.  and  the  other  for  beacon  opera¬ 
tion.  A  type  1B35  A-T-R  tube,  a  type  1B24  T-R  tube  and 
the  necessary  type  1N21  crystals  are  included  in  the  as¬ 
sembly.  A  20  db.  directional  coupler  permits  accurate 
measurements  to  be  made  at  any  time  with  a  maximum 
of  convenience  and  safety. 


Since  the  use  of  radar  beacons  is  contemplated  in  the 
near  future,  the  unit  has  been  designed  with  a  beacon 
cavity  and  crystal  mount.  The  unit  can  be  supplied  with¬ 
out  the  beacon  cavity  and  crystal  mount  and  beacon  local 
oscillator,  and  a  termination  supplied  in  their  place  so 
that  it  becomes  a  simple  matter  to  convert  to  beacon 
operation  when  necessary. 


NOTE:  Write  for  complete  catalog  of  De  Mornay*Budd 
Standard  Components  and  Standard  Bench  Test 
Equipment.  Be  sure  to  have  a  copy  in  your  reference 
files.  Write  for  it  today. 


•X*  K.  F.  RAOAK  UNIT  #412 


- FEED  HORN 

ROTATING  JOINT 


FLAT  90*  ELBOW 


90*  TWIST 


MITERED,  ELBOW 


•TfF\ 


1?.  F  UNIT 


R.  F.  Radar  unit  #412  (indicated  by 
mterisk)  used  in  conjunction  with 
standard  PeMornay-Budd  transmis¬ 
sion  line  components. 

Writ*  for  catalog  of 
standard  bonch  tost  oguipmont. 


EQUIPMENT 

FO« 

97%  OF  AU 
RADAR  SETS 


DE  MORNAY-BUDO,  INC. 

475  GRAND  CONCOURSE,  NEW  YORK.  N.  Y. 
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measurement.  Wall  thickness  of  tub¬ 
ing  can  also  be  checked.  All  meas¬ 
urements  are  claimed  to  be  within 
a  tolerance  of^l  percent  of  the  thick¬ 
ness  of  the  material  gaged. 


F-M  and  A-M  Tuner  (6) 

Browning  Laboratories,  Inc.,  Win¬ 
chester,  Mass.  A  new  f-m  tuner  cov¬ 
ering  87  to  109  megacycles  is  com¬ 
bined  with  a-m  circuits  to  tune  the 
present  broadcast  band.  Separate 
r-f  and  i-f  channels  are  used  ior 
both  bands.  Cascade  limiters  are 


January,  1947  —  ELECTRONICS 


provided  for  the  f-m  section.  Pro¬ 
vision  has  been  made  to  utilize  the 
new  twin-lead  300-ohm  cable  for 
both  inputs.  Physically  the  tuner 
without  power  supply  is  7i  inches 
high  by  13 i  inches  wide,  and  re¬ 
quires  a  depth  of  9  inches. 


Mobile  Radio 


Kellogg  Switchboard  and  Supply 

Co.,  Chicago,  Ill.  First  models  have  vation  of  microsecond  pulses  con- 
been  displayed  of  a  new  f-m  mobile  taining  frequency  componentsf  up  to 
radio  equipment  designed  to  tie  in  10  megacycles  is  possible.  Timing 


Signal  Generator  (10) 

Northeastern  Engineering,  Man¬ 
chester,  N.  H.  The  model  700 A  sig¬ 
nal  generator  operates  over  the 
range  160  kc  to  20  me  with  funda¬ 
mental  frequencies  supplied  in  five 
bands.  Output  impedance  is  200 
ohms  with  r-f  output  voltage  of  0.1 


Electronic  Tube  Corp.,  1200  E. 
Mermaid  Ave.,  Philadelphia  18,  Pa. 
The  model  E-2G48  dual  channel  os¬ 
cilloscope  is  a  laboratory  instrument 
comprising  two  separate  operating 
channels  that  are  connected  to  a 
dual-gun  cathode  ray  tube.  Obser- 


with  radio  service  offered  by  the 
telephone  company.  The  mobile  re¬ 
ceiver  contains  a  selective  signal 
circuit  that  responds  to  pulses  sent 
out  from  the  dial-operated  central 
office  transmitter.  This  system  al¬ 
lows  as  many  as  84  mobile  units  to 
be  selected,  one  at  a  tipie,  with  all 
but  the  desired  station  locked  out. 
A  busy  lamp  makes  it  unnecessary 
to  pick  up  the  mobile  handset  to 
determine  whether  the  circuit  is  in 
use.  The  handset  is  equipped  with 
a  push-to-tqlk  switch  that  connects 
the  f-m  transmitter  to  the  antenna 
and  the  dynamotor  to  the  output 
tube.  The  equipment  illustrated  uses 
a  drawer-type  construction  to  facil¬ 
itate  servicing. 


Dual-Channel  Scope 


markers  are  available.  External 
connection  to  any  of  the  deflection 
plates  is  possible  and  a  trigger  out¬ 
put  is  provided  in  each  amplifier- 
control  channel.  The  equipment  has 
been  designed  with  a  view  to  mak¬ 
ing  photographs  of  the  phenomena 
displayed  on  the  tube. 


Geiger  Counter  (9) 

Victoreen  Instrument  Co.,  3800 
Perkins  Ave.,  Cleveland,  Ohio.  The 
n.odel  337  counter  control  is  a-c 
operated  and  supplies  up  to  2,000 


volts  to  the  associated  Geiger-Muel- 
ler  counter  tube.  It  scales  counts 
by  a  factor  of  64,  although  a  scale 
of  8  can  be  used  if  desired.  Pro¬ 
vision  is  made  for  aural  monitoring. 
An  impulse  counter  is  built  into  the 
front  panel  along  with  the  oper¬ 
ating  controls. 


cord  with  the  indicating  meter,  is 
set  to  the  degree  of  positive  or  neg¬ 
ative  opinion  held  by  the  voter  and 
the  meter  mechanism  integrates  the 
total  expression  of  opinion.  If  vot¬ 
ers  wish  to  abstain  an  OFF  button  is 
pressed.  The  percentage  of  those  not 
voting  can  be  determined.  Fifty- 
fifty  opinions  are  eliminated,  but 
the  percentage  so  voting  can  also  be 
determined. 


volt  rms.  External  modulation  or 
30  percent  internal  modulation  at 
400  cycles  is  provided.  The  unit 
weighs  14  pounds  and  measures  10 
X  13  X  5  inches. 


Ilngraved  Dials 

American  Precision  Dial  Ck).,  93 
Massachusetts  Ave.,  Boston  15, 
Mass.  Plastic,  glass,  or  metal  dials 
can  be  engraved  with  circles  up  to 
20  inches  in  diameter  and  with  as 
many  as  6,400  radial  graduations 


Combustion  Safeguard  (13) 

Combustion  Control  Coup.,  *77 
Broadway,  Cambridge  42,  Mass. 
The  Pireye  FISTS  combustion  safe¬ 
guard  has  been  improved  to  insure 
against  damage  resulting  from 
fiame  failure  and  low  boiler  water 


brating  circuit  permits  setting  the 
«ain  to  produce  an  output  of  ex- 
actly  one  millivolt  per  dyne  per 
square  centimeter  sound  pressure 
so  that  a  conventional  electronic 
voltmeter  can  be  employed  for  di¬ 
rect  reading  of  the  pressure.  Ow- 

•  ing  to  the  extremely  high  acoustic 

impedance  and  small  size  of  the 
standard  microphone,  free  field 
measurements  can  be  more  accu¬ 
rately  made  at  high  frequencies  or 
inside  confined  spaces  than  has  here¬ 
tofore  been  possible.  Shock  pres¬ 
sures  generated  by  explosions,  en¬ 
gine  exhausts  and  the  like  can  ,be 
measured  without  damage  to  the 
level.  The  photoelectric  device  that  equipment, 
sees  loss  of  fiame  operates  an  alarm 
and  cuts  off  fuel.  A  probe  in  the 
water  column  is  wired  into  the  same 
control  and  alarm  circuits. 


accurate  to  2  minutes. on  360  de¬ 
grees  by  an  automatic  method  that 
compares  favorably  in  production 
cost  with  pantograph  engraving. 


Opinion  Meter  (12) 

General  Electric  Ck).,  Schenec¬ 
tady,  N.  Y.  The  composite  opinion 
of  groups  as  large  as  120  can  be 
measured  by  electronic  casting  of 
secret  ballots.  A  hand-held  individ¬ 
ual  station,  connected  by  a  flexible 


Midget  Microphone  (IS) 

Kellogg  Switchboard  and  Supply 
Co.,  6650  S.  Cicero  Ave.,  Chicago, 
HI.  A  midget  microphone  for  meas- 


Sound  Pressure 
Measurement  System  (14) 

Massa  Laborat(»ues,  Inc.,  3868 
Carnegie  Ave.,  Cleveland  15,  Ohio. 
The  Model  GA-1002  sound  pressure 
measurement  system  is  a  precision 
electroacoustic  device  for  making 
absolute  measurements  of  sound 
pressure  over  the  entire  audible  and 
early  ultrasonic  frequency  range  to 
about  40  kilocycles.  The  equipment 
comprises  a  Model  M-101  standard 
microphone  used  with  a  shock- 
mounted  preamplifier  and  15-foot 
cable  by  which  the  probe  assembly 
illustrated  is  connected  to  a  battery- 
operated  amplifier.  A  built-in  cali- 
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New  Names  in  Permanent  Magnet  Materials 

Made  by  Indiana  Steel  CUNICO-CUNIFE-VECTALITE-SILMANAL 


Four  new  magnetic  materials  developed  to  widen  and 
supplement  the  field  of  applications  already  stimulated 
by  the  cast  and  sintered  Alnicos  serve  to  emphasize 
the  significance  of  correct  design  in  the  use  of  Permanent 
magnets.  Due  to  their  properties  of  ductility  and 
machinability,  Cunico  and  Cunife  are  especially  adapt* 
able  in  magnets  of  small  size. 

CUNICO  is  an  alloy  of  copper,  nickel  and  cobalt  which 
may  be  cast,  swaged,  drawn,  rolled,  machined, 
punched  or  sintered  in  round,  square  or  rectangular 
rods  from  to  1'  in  any  cross*sectional  dimension. 
It  has  a  high  coercive  force  and  is  well  suited  for 
magnets  requiring  a  large  cross-seaion  in  propor* 
tion  to  length. 

CUNIFE  is  a  copper,  nickel,  iron  alloy  which  has 
directional  magnetic  properties  and  may  be  swaged, 
formed,  drawn,  rolled,  punched,  and  machined.  It 
has  a  high  energy  produa  in  wire  form  up  to  V^* 
diameter  and  its  coercive  force  is  comparable  to 
that  of  Alnico. 


VECTALITE  is  a  sintered  oxide  which  has  directional 
magnetic  properties,  extremely  lightweight  and  a 
very  high  coercive  force.  It  has  the  unusual  prop¬ 
erty  of  being  non-conducting  and  has  been  satis¬ 
factorily  used  for  rotor  magnets  in  DC  selsyns  and 
tachometer  indicators. 


PPLY 

:ago, 

aeas- 


SILMANAL,  because  of  its  silver  content,  is  relatively 
costly  and,  therefore,  suited  to  special  applications 
requiring  a  very  high  resistance  to  demagnetiza¬ 
tion  in  either  AC  or  DC  magnetic  fields.  It  is  duc¬ 
tile,  malleable  and  machinable  and  may  be  pro¬ 
duced  in  rods  from  1/16'  to  5/16'  in  diameter. 

With  these  outstanding  new  additions  supplementing  a 
wide  line  of  magnets.  The  Indiana  Steel  Products  Com¬ 
pany  is  equipped  to  furnish  the  exact  type  of  permanent 
magnet  to  meet  any  production  requirement.  Our  en¬ 
gineers  invite  you  to  consult  them  on  your  design  prob¬ 
lems.  For  complete  information  write  for  our  free 
"Permanent  Magnet  Manual". 


VAirAKAISO,  INDIANA 

STAMFORD,  CONN.  (CINAUDAGRARH  DIV.} 

©  1946  The  Indiana  Steel  Products  Co. 


6  NORTH  MICHIGAN  AVENUE  *  CHICAGO  3.  ILL. 
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Thr  API)  Grid  Scrren  iiaed  on 
the  Browning  I^b.  Model  OL-15 
OncilloACope  provides  easy,  ae- 
rurate  reading  and  is  readily  re¬ 
moved  when  changing  the  tube. 


*Amprediae,  r.  t.  To  engrave  (linear,  radtnl, 
circular,  or  dual-plane  linea)  by  the  automatic, 
precision  process  of  the  American  Precision 
Dial  Company. 


93  MASSACHUSETTS  AVENUE,  BOSTON  16,  MASS 
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Vacuum  Electronic  Engineering 
Co.,  316-37th  St.,  Brooklyn  32,  N.  Y. 
1  The  Veeco  mass  spectrometer  leak 
I  detector  is  adjusted  to  cause  a 


sion  receiver  applications  has  just 
been  announced.  Weighing  several 
grams,  with  a  body  length  of  §3 
inch,  the  crystal  has  an  interelec¬ 
trode  capacitance  of  approximately 
0.2  micromicrofarad  and  a  life  per¬ 
formance  of  at  least  3,000  hours. 


The  accuracy  and  ease  of  rapid  reading  requisite 
in  modern  cathode  ray  work  demands  rigid  grid 
screens  with  fine,  precisely  spaced  graduations. 


.4mpredizing*  produces  these  screens  on 
transparent  plastic  of  any  desired  thick¬ 
ness,  in  any  fineness  down  to  3(M)  lines 
per  inch,  with  heavy  lines  at  any  desired 
interval  .  .  .  and  at  cost  well  below  that 
of  conventional  pantograph  engraving. 
Hence  .4PD  grid  screens  are  standard  in 
top-grade  oscilloscopes  and  synchro¬ 
scopes  of  well-known  manufacturers. 


Stock  screens  are  engraved  with  10  lines 
per  inch,  each  tenth  line  being  heavy; 
special  screens  with  other  rectilinear  or 
polar  co-ordinates  can  be  furnishe<l  to 
your  specifications.  Write  for  quota¬ 
tions. 


Leak  Detector 


(17) 
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urement  of  sound  pressures  has 
now  been  made  available  after  a 
long  period  of  use  in  the  labora¬ 
tories  of  the  manufacturing  com¬ 
pany.  Response  is  minus  69  db  re¬ 
ferred  to  one  volt  per  dyne  per 
square  centimeter,  and  is  flat  from 
100  to  7,000  cycles  wit^n  1  db,  or 
within  3  db  from  60  to-  10,000  cy¬ 
cles.  Acoustic  intensities  of  1,200 
to  1,400  dynes  per  square  centi¬ 
meter  have  been  successfully  meas¬ 
ured. 


AMPREDIZED. 


econoTTUj 


Crystal  Diode 


General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  germanium  crystal 
diode  with  a  safe  forward  current 
of  0.06  ampere  and  a  safe  back  volt¬ 
age  of  60  volts  for  radio  and  televi¬ 


■  TECHNICAL  PUBLICATIONS. 
I  REPORTS, 

I  INSTRUCTION  MANUALS, 
'  BROCHURES 

prepared  by  electrical, chemical 
and  mechanical  engineers  who 
have  the  ability  to  investigate 
and  write . . .  who  together  with 
draftsmen  and  artists  explain 
and  visualize  your  product. 


Techlit  presentations  tell  their 
story  dramatically  and  completely. 


Techlit  clients  include  prominent 
firms  in  American  industry. 
Let  Techlit  prepare  your  publication. 
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NEW  PRODUCTS 


(contlnuadi^' 


New  Piezoelectric  Crystal  Elements 
Operate  Safely  up  to  250°  F. 

Mcoiuiachuers^of  an  increasing  variety  of  products  may 
now  c^tcdn  the  wide  frequency  range  and  high  sensitivity 
characteristics  of  piezoelectric  crystals  for  conversion  of 
ene^y.  The  new  "RN"*' Crystal  in  Brush  piezoelectric 
elements  permits' their  use  at  temperatures^up  to  250°F. 
These  elemeal^iXTO  capable  of  handling  higher  power 
load^  than  any  other  commercial  synthetic  crystal. 

Brush  engineers  have  also  developed  METALSEAL*,  a 
moisture  proofing  which  greatly  improves  the  life  and 
performance  of  crystal  products  under  conditions  of  ex¬ 
treme  humidity.  Brush  piezoelectric  crystal  elements  con  be 
successfully  used  under  virtually  any  climatic  conditions. 

These  developments  contribute  notably  to  the  improve¬ 
ment  of  phonograph  pickups,  microphones  and  other 
acoustic  products,  and  to  the  use  of  crystal  in  many  other 
electromechanical  applications.  Brush  engineers  will 
gladly  advise  you  in  the  adaptation  of  crystal  to  your 
products.  Write  today  for  descriptive  bulletin. 

THE  BRUSH  DEVELOPMENT  COMPANY 
3431  Perkins  Ave.  •  Cleveland  14,  Ohio 


•Trade  Mark 


"Make  everything  you 
hear  Crystal  Clear" 


meter  deflection  only  when  .small 
amounts  of  helium  are  detected  in 
the  vacuum  system  to  which  the  ap¬ 
paratus  is  connected.  In  practice, 
a  small  stream  of  helium  is  played 
over  the  apparatus  suspected.  If  it 
•is  absorbed  into  the  system,  the 
detector  gives  immediate  warning. 
The  minute  quantities  of  helium 
present  in  air  do  not  affect  opera¬ 
tion.  Nontechnical  personnel  can 
‘use  the  unit  which  is  powered  from 
115  V,  60  cps  lines. 

Miniature  Motor  (18) 

Alni  Corp.,  10  E.  52nd  St.,  New 
York  22,  N.  Y.  A  new  miniature 
motor  that  can  be  operated  on  30 
milliwatts  of  power  is  now  avail¬ 
able  for  general  use  in  operating 


cam  .switches  and  small  ventilator 
fans.  The  model  2000-2  illustrated 
weighs  2i  ounces  and  measures  1^ 
X  13  >.  J  inches,  is  of  the  perma¬ 
nent  magnet  type,  and  operates  on 
d-c. 

Blinking  Pilot  (19) 

Engineering  Associates,  380  Main 
St.,  East  Orange,  N.  J.  A  new  warn¬ 
ing  pilot  lamp  that  blinks  at  a  rate 
of  60  to  80  times  a  minute  operates 
on  200  milliamperes.  It  can  be  used 
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LECTRONIC 

TESTER 


ere’s  never  been  a  tester  like  this! 


Here’s  a  tester  with  dual  voltage  regulation  of  the 
power  supply  DC  output  (positive  and  negative),  with* 
line  variation  from  90  to  130  volts.  That  means  cali¬ 
bration  that  stays  **on  the  nose”!  That  means  broader 
service  from  a  tester  that  looks  as  good  as  the  vastly 
improved  service  it  provides.  And,  together  with  its 
many  other  new  features — including  our  Hi-Precision 
Resistor  which  outmodes  older  types — it  means  higher 
performance  levels  wherever  a  tester  is  needed.  Detailed 
catalog  sheets  on  request. 


»42  RANGES:  DC  and  AC. 
Volu:  0-2.5.10-50.250-500. 
1000.  DC  MILLIAMPS: 
0-0.1-1.0.10.50-250-1000. 
OHMS:  0-1000.10,000- 
100,000.  MEGOHMS:  0-1- 
10-100-1000.  CAPACITY 
IN  MFD:  0-.005-.05..5-5-50. 

•  LOAD  IMPEDANCE:  51 
megohms  on  DC  Volts. 

•  CIRCUIT  LOADING:  Low 
frequencies.  Circuit  loading 
equal  to  8  megohms  shunted 
by  35  mmfd.  High  frequency 
circuit  loading  equal  to  8 
megohms  shunted  hy  5 
mmfd. 


ELECTRICAL  INSTRUMENT  CO.  bluffton.  ohio 


JUST  OFF 
TUE  PRESS/ 

Contains  Latest  Available 
Information  on 

TIMING  MOTORS 


NEW  PRODUCTS 


(coiitinuad) 


Engineers,  designers — send  for  your  jree  copy 
of  thb  valuable  hew  guide,  today.  HAYDON’S 
1947  Catalog  is  a  storehouse  of  information  and 
specifications  of' timing  motors  for  every  con¬ 
ceivable  application.  And  it*s  all  been  revised — 
many  new  items!  Eveiy  motor  pictured  .  .  • 
complete  operational  data  and  blueprint  sketches 
shown  .  .  .  informative  section  on  new  special 
.  ^  and  optional  features.  Up-to-date  items  include 
*  .  AC  timing  motors  and  gear  units,  shift  units, 

*  ^  brake*  units,  friction  units,  elapsed  time  indica¬ 
tors,  fixed  interval  repeat  cycle  timers,  fixed  in- 
*  terval  automatic  reset  timers  and  many  others. 
Made  in  handy  x  11"  size  to  fit  your  files 
conveniently.  Be  sure  to  add  this  late  edition  to 
“  >  your  files.  . 

If  you  plan  to  use  timers  now  or  in  the 
future,  youHl  find  HAYDON*S  1947  Cata¬ 
log  one  of  your  handiest  references. 


1  r  1 

TIMING  ENGINEERING  SERVICE 

haydon 

^  ^oEteUiUlle,  CoHHeclicut  $ 

or  GENERAL  TIME  INSTRUMENTS  O 


HAYDON  Manufacturing  Company,  Inc. 

Dept.  E 

Forestville,  Connecticut 

Please  send  me  HAYDON*S  new  i$47  Catalog, 


Name 
Address  .. 
City . 


Zone . State 


on  direct  current  circuits  to  32 
volts  or  alternating  current  up  to 
125  volts.  External  resistors  are 
used  to  adapt  to  the  different  volt¬ 
ages.  The  unit  mounts  on  any  panel 
in  a  single  13/16  inch  diameter  hole. 
The  housing  is  Bakelite. 

Recording  Turntable  '  (20) 

Presto  Recording  Corp.,  242  West 
56th  St.,  New  York  19,  N.  Y.  The 
Presto  8-D  recording  turntable  uses 
a  heavy  cast  iron  mounting  base 
and  table  that  can  be  mounted  on 
a  stand.  An  improved  cutting  head 


responds  to  frequencies  between  50 
and  8,000  cycles.  Six  different  cut¬ 
ting  pitches  are  immediately  avail¬ 
able  by  means  of  a  belt  adjustment. 
Changes  in  direction  can  be  quickly 
made  to  provide  inside-out  and  out¬ 
side-in  feed  with  a  single  screw. 

Coin  Television  (21) 

Tradio,  Asbury  Park,  N.  J.  Tradio- 
Vision  is  a  new  television  receiver 
that  can  be  installed  in  hotels  or 
public  places  and  operated  by  the 
insertion  of  coins.  The  equipments 
have  a  five  or  seven-inch  screen. 
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keep  the  fixed  resistor  leads  always  straight 


And  all  leads  are  "differen¬ 
tially"  tempered  to  prevent  sharp 
bends  near  |he  resistor.  Leads 
are  quickly  and  easily  formed  to 
fit  any  spot  in  your  chassis. 

Bradleyunits  are  small  in  size 
but  "tops"  in  load  and  life  tests. 
Under  continuous  loads  of  200% 
load  for  100  hours,  or  under 
100%  load  for  1000  hours,  resis¬ 
tance  change  is  less  than  5%. 
Allen-Bradley  Co.,  110  W.  Green¬ 
field  Avenue,  Milwaukee  4,  Wis. 


You  know  how  messy  it  is  to 
pick  fixed  resistors  from^3  pan  of 
tangled  units.  No  matter  how  care¬ 
fully  your  operators  work,  resistor 
leads  became  bent. 

But  most  serious  are  the  loss  of 
production  and  the  irritation  to 
assemblers  when  they  fumble 
with  tangled  component  parts.  To 
avoid  these  problems, use  Bradley- 
unit  resistors.  They  come  in  handy 
honeycomb  cartons  that  keep  all 
leads  straight. 


TYPE  J  BRADLEYOMETERS 

in  1,  2,  and  3  faction  types 
For  continuously  adjustable  resistors — in  1, 
2,  or  3  section  types — specify  Type  J  Brodley- 
ometers.  They  meet  any  resistance  •  rotation 
curve  specifkation . . .  and,  being  solid-molded, 
there  is  no  change  due  to  age  or  use.  Fur¬ 
nished  with  line  switch  if  desired. 


ALLEN-BR>|^DLEY 

FIXED  &  ADitUSTABLE  RAD^  RESISTORS 

^^^auniiTv^^ 
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500-line  definition,  and  require  20 
tubes.  Overall  size  of  the  set  is 
16  X  9  X  8  inches. 


NEW  PRODUCTS 


(continued) 


Maste;r  Plastics,  Inc.,  Wilming¬ 
ton,  Delaware.  Synvar  Polyester 
resins  combined  with  milled  Fiber- 
glas  have  been  successfully  used  to 
make  relay  covers  that  have  me¬ 
chanical  strength  and  temperature 
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Relay  Covers 


(22) 


resistance  of  more  than  300  F.  The 
methods  and  materials  used  in  this 
case  are  applicable  to  similar  en¬ 
closures  when  the  required  number 
of  items  is  low. 


uwHin 


THE  a  S.  WHITE  DENTAl  MEG.  CO. 


INDUSTRIAL 


DIVISION 


DirT.  E  !•  EAST  sots  ST.,  NSW  TOEK  N.  T.— 

9UUMI  ,ll*m  •  MiXMU  MAff  tOOU  .*  AMCIMf  ACCClftOMtE 
MMU  C«niM»  MIMMM  topil  •  tTfCIAAfOtlMliA  IMMtS 


AAAA  ^ftuUutUal 


operates  from  a  67.6-volt  battery 
and  one  dry  cell.  The  receiver 
weighs  only  1.5  pounds  and  is  con¬ 
tained  in  a  3  H -inch  cube. 


Dalmo-Victor,  San  Carlos,  Calif. 
The  Dalmotron  is  a  small,  inexpen¬ 
sive  intercommunication  device 
claimed  to  be  much  more  versatile 
than  the  conventional  type.  Among 
its  unusual  features  is  the  ability  in 
a  six-station  system  to  arrange  two 


Range  Receiver 


(23) 


Bendix  Radio,  Baltimore  4,  Md. 
The  type  PAR-3  range  receiver  is  a 
4-tube  superheterodyne  with  an  in¬ 
termediate  frequency  of  455  kc.  It 
tunes  between  195  and  410  kc  and 


Showing  two  romotm  control 
Hnxibit  shafts  connected  to  a 
Radio  Compass  Loop  ihroegh 
worm  gearing.  Nate  that  the 
shafts  are  connected  to  the 
worms,  which  reduces  the  lead 
on  the  shafts  and  makes  them 
easier' to  operate. 


FOR  FULL  FLEXIBLE  SHAFT  DATA 

see  the  S.S. White  Catalog  in  Sweet's 
Catalog  Pile  for  Product  Designers  or 
write  us  for  BULLETIN  4501.  Copy 
mailed  on  request. 


Intercommunicator 


(24) 


FOR  Smeetd.  SemaOioe  REMOTE  CONTROL 
OVER  SHORT  DISTANCES  OR  LONG  -  • 


Variable  elements  are  common  to  many  electronic  circuits, 
in  many  cases  these  elements  require  , manipulation  from 
points  more  or  less  remote  from  the  equipment  in  which 
they  are  housed,.. 

For  this  service,  S.S.White  remote  control  flexible  shafts 
are  specially  designed  and  ideally  suited.  They  are  charac¬ 
terized  by  a  minimum  of  a'ngular  deflection  under  load  and 
by  practically  equal  deflection  for  either  direction  of  rota¬ 
tion.  When  properly  applied  they  operate  as  easily  and 

_  smoothly  as  a  direct  connection. 

Through  the  use  of  simple  gearing  in 
conjunction  with  the  shafts,  any  required 
degree  of  sensitivity  can  be  obtained, 
regardless  of  distance.  For  example, 
S.S.White  remote  control  shafts  have 
long  been  used  for  tuning  aircraft  radio 
and  directional  equipment  with  entirely 
satisfactory  operation  in  lengths  up  to  50 
-feet  and  more. 


/r 


rHE  SOLDERINC  TOOL  WITH 


At  a  touch  of  the  trigger,  stainless  steel  knives  eject  a  measured 
amount  of  solder.  A  loading  chamber  in  the  handle  provides 
housing  for  a  4-ounce  reel  of  solder.  For  continuous,  all-day 
production,  solder  may  be  fed  through  the  EJECT-O-MATIC 
from  large  reels  mounted  on,  or  under,  the  bench.  A  special 
eyelet  hole  is  provided  for  this  purpose  in  the  cover  of  the 
loading  chamber.  EJECT-O-MATIC  Automatic  Feed,  with  core 
solder,  eliminates  fussing  with  fluxes— makes  soldering  a  one- 
hand  operation  —  speeds  production  —  assures  neat,  uniform 
joints.  The  50, 75, 100  and  150  watt  models  are  now  available. 
Tips  may  be  had  in  6  different  sizes  and  shapes. 

Approved  by  Underwriter^  Laboratories,  Inc. 

Model  19-S  (Illustrated)  with  base  — retails  at  S18.95 


iMdtvMually  pocked.  Shipping  wt.  per 
carton  of  12  unite,  approx.  42  be. 
Send  for  literature 


MULTI-PRODUCTS  TOOL  COMPANY,  123  SUSSEX  AVENUE,  NEWARK  4,  NEW  JERSEY 


CONSIDER  THESE  BIG  FEATURES 

Micrometer  Control  of  Amount  ‘ 
of  Solder  Ejected 

Anti-fatigue  Balance— Light  Weight . 

Automatic  Solder  Retracting  Feature— 
Prevents  Melting  of  Excess  Solder 

Cooling  Vanes  Dissipate  Excess  Heat 

Multi-clad,  400-hour  Tip,  no  tinning, 
no  filing 

One-hand  Operation— Speeds  Production 
Safety,  Utility  Base 
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Photo  courtesy'  of  EMERSON  Radio  &  Phonograph  Corp. 

«IY  ARE  CORWICO  WIRE  PRODUCTS  SPECIFIED 
RY  THIS  URSE  RADIO  MAHUFACTURER? 

Because  their  ENGINEERING  Department  values  their  faith¬ 
ful  performance  of  the  requirements  of  insulation  resist¬ 
ance  and  voltage  breakdown  .  .  . 

Because  their  PRODUCTION  Department  finds  that  they 
possess  the  essential  qualities  wnich  permit  easy  pushback 
or  mechanical  stripping  .  .  . 

Because  their  PURCHASING  Department  finds  that  these 
quality  products,  backed  by  dependable  service,  are 
sold  at  prices  that  spell  true  economy  .  .  . 
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being  packaged  in  4-,  8-,  16-ounce, 
and  gallon  containers.  A  brush  is 
attached  to  the  metal  cap  of  the 
cement  containers. 


Multimeter  (26) 

Sylvan  I A  Electric  Products,  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
The  type  134  Polymeter  is  provided 
with  a  probe  utilizing  the  type  1247 
proximity  fuze  type  tube  and  can 
measure  accurately  up  to  300  mega¬ 
cycles.  Voltages  up  to  1,000  v  d-c 
and  300  v  a-c,  direct  current  in  the 
ranges  0  to  3  ma  and  0  to  10  amp, 


separate  two-way  conversations 
while  the  rest  of  the  system  is  open 
for  paging. 


Cements  and  Solvents  (25) 

JFD  Manufacturing  Co.,  4117 
Fort  Hamilton  Parkway,  Brooklyn 
19,  N.  Y.  Radio  cements,  solvents, 
and  carbon  tetrachloride  are  now 


CORNISH  WIRE  CO.,  k 

15  Park  Row  •  New  York  City,  7 
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1  ou  needn’t  worry  about  today’s  high  silver  costs  because 
you  can  use  General  Plate  Laminated  Silver  Metals  and  get  solid 
silver  performance  at  a  fraction  of  the  price  of  solid  silver. 

Here’s  how  you  save  money  and  get  the  desired  performance 
characteristics,  too.  General  Plate  Laminated  Metals  are  made  by 
permanently  bonding  thin  layers  of  silver  or  other  precious  metals 
to  thicker  inexpensive  base  metals.  Thus  you  get  the  precious  metal  performance 
at  a  cost  slightly  higher  than  the  cost  of  the  base  metal. 

Among  the  advantages  of  General  Plate  Laminated  Metals,  you  get  better  electrical 
conductivity,  high  corrosion  resistance,  workability,  ease  of  fabrication,  better 
spring  properties,  lon^  wearing  life  and  structural  and  mechanical  properties  not  obtainable 
with  single  solid  precious  metals. 

General  Plate  Laminated  Metals  are  available  in  sheet,  wire  and  tube  form  with  precious 
metal  on  one  side,  or  both  sides  in  practically  any  combination.*  * 

Investigate  the  advantages  of  General  Plate  Laminated  Metals,  today. 

Wire  for  information.  .  .  » 


of  Metals  and  Controls  Corporation  •  . 

ATTLEBORO,  MASS  A.C  H  U  S  E  T  T  S. 

•  ;  .•  r  - 

50  Church  St.,  Nuw  York,  N.  Y.;  205  W.  Wockor  Ori^o,  Chicago,  fll.;*  2635  Pag*  Dfiv*,  Alladena,  California;'  Grant  Bldg.,  Pittsburgh,  Pa, 
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press  can  be  mounted  on  the  top 
to  .form  a  complete  thermoplastic 
welder  for  such  substances  as 
Koroseal,  Saran,  and  Wataseal. 
Thicknesses  from  0.002  to  0.040 
inch  in  varying  lengths  can  be 
handled  successfully.  A  complete 
description  is  given  in  Bulletin 
7005. 

Crystal  Ost-iillalor  <28) 

Bliley  Electric  Co.,  Erie,  Pa.  The 
type  CCO  crystal-controlled  oscil- 


1*010  STATIOfl  «TANDir 

immc^ 


CEOrMYSICAl  SUtVEY 
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NEW  PRODUCTS  (centinuad) 

and  resistance  up  to  1,000  megohms 
can  all  b«  measured.  The  instru¬ 
ment  operates  from  socket  power 
and  weighs  16  pounds.  There  are 
separate  scale  calibrations  for  re¬ 
sistance,  d-c,  a-c,  and  r-f  measure¬ 
ments. 

Plastic  Sealer  «  <27) 

Radio  Receptor  Co.,  Inc.,  251  West 
19th  St.,  New  York  11,  N.  Y.  A 
new  2i  kilowatt  dielectric  sealer, 
type  K-3-S,  is  completely  self-con¬ 
tained.  One  of  four  types  of  sealing 


C^nan  Electric  Plants  are  completely 
self-contained,  dependable  power  units 
built  in  a  wide  range  of  sizes  and  stand¬ 
ard  voltages. 

Lightweight,  one  or  two-cylinder,  air- 
cool^  models  oiler  the  maximum  in 
portability  for  many  applications.  Port¬ 
able  A.C.  models — 350  to  3,000  watts; 
portable  D.C.  models— 600  to  5,000  watts. 

Although  widely  used  for  intermit¬ 
tent  service  as  standby  units,  Onan  two, 
four,  and  six-cylinder  water-cooled 
plants  are  built  for  continuous  heavy- 
duty  operation  . . .  stationary  or  mobile. 
A.C.  models— 3  KW  to  35  KW;  D.  G.i 
models— 3.5  KW  to  10  KW. 

WRITE  FOR  FOLDER 

• 

ONAN  Electric  Plonti  or*  ovoilobl*  in  mony  »Ixm  onS 
modeh.  ALTERNATING  CURRENT.  350  to  35,000  watts  in 
oH  standard  voltagas  and  frequencies.  DIRECT  CURRDTTi 
600  to  10,000  watts,  115  and  230  volts.  SATTERY 
CHARGERS.  500  to  3,500  watts;  6,  12,  24  and  32  volts. 

D;  We  ONAN  &  SONS  INCe 

3559  Reyolelea  Ava.  MInneoyellt  9,  Minii. 


POWER 

PORTABLE,  STANDBY 
OR  STATIONARY 

for 

Electronics  Uses 


The  enlarged  line  of  chokes  now  offered  by  Notional  includes 
many  new  sizes  and  types  and  provider  units  suited  to  spe¬ 
cialized  as  well  as  standard  applications.  Many  popular  new 
chokes  are  illustrated  above,  including  the  R-33G  which  is 
hermetically  sealed  in  glass.  Other  models  cover  current  ratings 
from  33  to  SOOmilliamperes  in  a  variety  of  mountings  carefully 
planned  for  your  convenience.  These  as  well  as  old  favorites 
like  the  R-100  are  listed  in  the  latest  National  Catalogue. 


NATIONAL  COMPANY,  INC.,  MALDEN,  MASS 
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I  NEW  PRODUCTS  (continued) 

lator  provides  five  of  the  most 
commonly  used  intermediate  fre¬ 
quencies  used  in  radio  receivers,  a 
2()0-kilocycle  'si);nal  for  r-f  align¬ 
ment  and  a  1,000-kilocycle  signal 
for  shortwave  testing.  Other  special 
frequencies  can  be  added  to  the 
unit*  and  selected  at  will.  Audio 
modulation  of  the  signals  can  be 
introduced  as  desired.  Output  can 
be  varied  from  0  to  15  volts.  Power 
consumption  is  17  watts  and  the 
equipment  requires  no  warmup 
time. 

Plastic-Cased  Mike  (29) 

St.  Louis  Microphone  Co.,  2726 
Brentwood  Blvd.,  St.  Louis  17,  Mo. 
A  new  line  of  microphones  called 
Colormikes  is  now  being  produced 


Nofe  constant  D.C.  output  voltage  over  wide  range;  straight  line  regulation 

Overall  dimensions: 

19“  wide,  12'/4"  high,  11"  deep.  Shipping  weight:  95  pounds 

All  units  checked  and  inspected  at  150%  rated  load  before  shipment. 

NET  PRiCE:  Type  A:  $175.00;  Type  I:  $168.00  F.O.l.  Baltimore 

Complete  with  tubes  and  ready  to  plug  in 
Prices  subiect  to  ckaiige  without  notice 

NATIONAL  RADIO  SERVICE  CO. 


Reisterstown  Rd.  A  Cold  Spring  Lane 


Baitimore  1 5,  Md. 


ELECTRONIC  REGULATED 
POWER.  SUPPLIES 

t  ?r 

★  Precision 

★  Accuracy 
ic  Performance 

IMMEDIATE  . 
DELIVERY 


SpeeiHeations: 

Input:  1 15  V.  50-60  cycle. 

Regulation:  Lest  than  ^1/20  volt  change  in  output  voltage  with  change  of  from 
85  to  145  V.A.C.  input  voltage  and  from  NO  LOAD  to  FULL  LOAD  (over 
very  wide  latitude  ^t  center  of  variable  range.) 

Ripple:  Lest  than  5  rmilivolts  at  all  loads  and  voltages. 

Fits  any  standard  19"  rack  or  cabinet. 

TYPE  A:  Variable  from  210  to  330  Y.D.C.  at  400  MJV. 
TYPE  B:  Variable  from  535  to  915  V.D.C.  at  125  M.A. 

'  CoBsf ruction  Features: 

Wgaton  Model  301  (or  equal)  Milliammeter  and  Voltmeter. 

Separate  twitches,  pilot  lights,  and  fuses  for  FILAMENT  AND  PLATE  VOLTS. 
All  tubes  located  oh  shockmount  assemblies. 

Fuses  mounted^M^frbnt  panel  and ‘easily  accessible. 

Can  vary  voMipPPay  turning  small  knob  located  on  front  of  panel. 

Can  easily  modify  unit  from  positive  to  negative  output  voltage. 

All  individual  components  numbered  to  correspond  with  wiring  diagram. 
Rigid-Construction:  Components  designed  to  withstand  most  severe*  military 
conditions — physical  and  electrical — and  were  greatly  under-rated. 

Tube  complement:  Type  A:  2-836;  6-6L6;  2-6SF5;  I-VRI50;  I-VRI05 
Type  B:  2-836;  2-6L6;  2-6SF5;  I-VRI50;  l•VRI05 
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in  colored  plastic  cases,  with  un¬ 
breakable  diaphragms  and  Alnico 
V  magnets.  A  variable-impedance 
output  permits  choice  of  50  to  50,- 
000  ohms  for  balanced  line  output. 


Lear,  Inc.,  Grand  Rapids,  Mich. 
Five  new  mica  trimmer  capacitors 
covering  the  capacitance  range 
from  5  to  370  micromicrofarads 
have  a  minimum  Q  of  over  200  at 
1,000  kilocycles,  and  a  leakage  re¬ 
sistance  of  better  than  2,000  meg¬ 
ohms  at  a  test  voltage  of  300  volts 


Mica  Trimmer 


(30) 


Orop-wirt  undergoing  obretion  testt  In 
birch  thickef  "loboratory."  Below,  the 
new  drop-wire,  now  being  Intfalled.  A 


The  telephone  wire  which  runs  from  the 
pole  in  the  street  to  your  house  is  your 
vital  link  with  the  ^11  System.  More 
than  17,000,000  such  wires  are  in  use. 

The  wire  becomes  coated  with  ice;  it 
is  ripped  by  gales,  baked  by  sun,  tugged 
at  by  small  hoys’  kite  strings.  Yet  Bell 
Laboratories  research  on  every  material 
that  goes  into  a  drop-wire— metals,  rub¬ 
bers,  cottons,  chemicals— keeps  it  strong, 
cheap,  and  ready  to  face  all  weathers. 

Now  a  new  drop-wire  has  been  devel¬ 
oped  by  the  Laboratories  which  lasts  even 
longer  and  will  give  even  better  service. 


It  has  met  many  tests,  over  6  or  7  years, 
in  the  laboratory  and  in  held  experiments. 
It  has  been  strung  through  birch  thickets 
—rubbed,  winters  and  summers,  against 
trees,  and  blown  to  and  fro  by  winch.  In 
such  tests  its  tough  cover  lasts  twice  as 
long  as  that  of  previous  wires. 

House  by  house,  country-wide,  the 
new  wire  is  going  into  use.  Wire  is  only 
one  of  millions  of  parts  in  the  Bell  Sys¬ 
tem.  All  are  constantly  under  study  by 
Bell  Telephone  Laboratories,  the  largest 
industrial  laboratory  in  the  world,  to  im¬ 
prove  your  telephone  service. 


eXBLOBING,  INVeNTING,  DCVISING  AND  HBFBCJING  FOB  CONTINUBD  HdFBOyeMBNTS  AND  fCONOM/CS  IN  TELFFHONe  SEBYICE 
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NEW  PRODUCTS 


d-c.  adjustment  of  the  ca¬ 

pacitance smooth  and  remains 
permaneiWy.set. 


Transmitting  Triode  (31) 

!  i- 

I  TayloH  Tubis,  Jnc.,  2312  Wabansia 
I  Ave.,  Chicago,  Ill.  The  type  T-300 
I  medium-power  triode  is  similar  in 
j  some  respects  to  the  type  204-A  and 
,  is  a  direct  substitute  for  types  HF- 
I  300,  KU-23  and  DR-300  with  some 


few  exceptions.  Maximum  operating 
conditions  include  plate  voltage,  3,- 
000  v;  plate  current,  275  ma;  plate 
input,  750  watts;  plate  dissipation, 
200  watts. 


Thermador  is  a  name 
remembered  when  the  ut¬ 
most  in  transformer  qual 
ity  is  desired,  and  when 
exceptional  engineering 


The  No.  10035 
Illuminated  Panel  Dial 

A  Irviy  "Octignad  for  ApplicoHen”  control. 
Compact  mochonicol  dotign,  sturdy  con¬ 
struction,  oasy  to  mount.  Totally  onclosod 
mochonism  oHminotos  bock  of  ponol  intar- 
foranca.  Provisions  for  mounting  and  mark¬ 
ing  auxiliary  controls,  such  as  swHchas, 
potantiomatars,  ate.  Finish,  flat  black  art 
matol.  Sixo  tVi  x  6V^.  Ratio  12  to  1.  Hingad 
ascutchaon  parmits  diroct  calibration  without 
nacassity  for  ramovol  of  scala,  tharaby  main¬ 
taining  accurata  calibration.  Two  four  and 
fiva  lino  scalas  furnishad  with  aach  dial. 


Smoke  Control  (32) 

Photoswitch,  Inc.,  77  Broadway, 
Cambridge  42,  Mass.  The  type  A20C 
photoelectric  smoke  indicator  ob¬ 
serves  the  density  of  smoke  passing 
through  a  flue  and  signals  when 


JAMES  MILLEN 
MFG.  CO.,  INC. 


'Savon  Ltaguos  Ahoad' 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


THERMADOR  ELECTRICAL  MFC.  CO 
5119  District  Bhd  .  los  Aiifclts  22.  Calilorwa 
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When  safety  demtmds  top  protection  — 
INSULATE  WITH  G-E  MYCALEX  ' 


•in  aircraft  engines — where  safety 
demands  the  finest  insulating  materials 
— this  seal  of  General  Electric  mycalex 
assures  excellent  protection. 

Maximum  insulation  resistance  is 
needed  between  the  two  fine  wires 
running  through  the  seal.  The  gasket 
flange  requires  the  same  complete  in¬ 
sulation.  By  bonding  firmly  to  these 
inserts,  General  Electric  mycalex  gives 
the  seal  added  strength,  helps  make 
it  leakproof. 

G-E  mycalex  is  a  gray,  stone-hard 
material  recommended  for  its  high 


dielectric  strength  .  .  .  low  loss  factor 
.  .  .  heat  resistance  .  .  •  toughness  .  .  . 
chemical  and  dimensional  stability. 
You  may  order  it  in  standard  rods  and 
sheets,  in  fabricated  parts,  or  molded 
to  your  own  design.  General  Electric 
engineers,  experts  in  the  uses  of  this 
unique  material,  will  help  you  apply 
it  to  your  insulation  needs.  To  get  the 
complete  story,  send  for  the  new 
.bulletin,  “G-E  MYCALEX.”  Write 
to  Section  S-17,  Plastics  Divisions, 
Chemical  Dept.,  General  Electric  Co., 
1  Plastics  Avenue,  Pittsfield,  Mass. 


.  HOW  THE  G-E 
MYCALEX  SERVICES 
CAN  BENEFIT  YOU  NOW 


You  may  order  Fabrication  of  sample 
G-E  mycalex  parts  at  surprisingly  low 
cost.  Test  them  yourself  in  your  own 
equipment.  Then,  if  you  decide  to 
specify  G-E  mycalex,  your  design 
can  be  converted  to  a  molding  proc¬ 
ess  which  permits  speedy  and  eco¬ 
nomical  production  runs. 


MOLDING  SIRVICI 


FABEICATING  SERVICE 


Get  This  Unique  Combination  , 
of  Properties  with  G-E  Mycalex  j 

1.  High  dielectric  strength 

2.  Low  power  factor 

3.  Prolonged  resistance  to  electrical 
ores 

4.  Chemical  stability— no  deterioration 
with  age 

5.  Dimensional  stability— freedom 
from  warpage  and  shrinkage 

6.  Impervious  to  water,  oil,  and  gas 

7.  Resistance  to  sudden  temperature 
changes 

8.  Lew  coefficient  of  Ihermol  expan¬ 
sion 

9.  High  heat  resistance 

Samples  Supplied  on  Request 


TRACING  CLOTH 


HARD  PENCILS 


NEW  PRODUCTS 


(continMd) 


this  density  approaches  values  prev¬ 
iously  designated  as  the  maximum 
to  be  tolerated.  Supplementary 
equipment  includes  bells  and  graph¬ 
ical  recorders. 


HfMirin^  Mirroplione  (33) 

Tibbitts  Industr’ES,  Inc.,  Camden, 
Maine.  A  new  ultrasensitive  micro¬ 
phone  for  hearing  aid  use  measures 


IT  inches  in  body  diameter  and  is 
iJ  inch  thick.  The  model  HA-30 
unit  uses  a  crystal  element,  pro¬ 
tected  by  a  guard  grille. 


Open  Blade  Switch  (34) 

Acro  Electric  Co.,  1316  Superior 
Ave.,  Cleveland  14,  Ohio.  A  new 
two-pole  snap-action  switch  operates 
with  a  movement  differential  of 


•  Imperial  Pencil  Tracing  Cloth  has  the 
tame  superbly  uniform  cloth  foundation 
and  transparency  as  the  world  famoui 
Imperial  Tracing  Cloth.  But  it  is  distinguished 
by  its  special  dull  drawing  surface,  on 
which  hard  pencils  can  be  used,  giving 
dean,  sharp,  opaque,  non-smudging  lines. 

Erasures  are  made  easily,  without 
damage.  It  gives  sharp,  contrasting  prints 
of  the  finest  lines.  It  resists  the  effects 
of  time  and  wear,  and  does  not  become 
brittle  or  opaque. 

Imperial  Pencil  Tracing  Ooth  it  right 
for  'nk  drawings  as  well. 


WOLLASTON  PROCESS  WIRE 


drawn  as  small  as  .000010"'; 
Made  te  your  specHicotions  for 
diameter  and  resistance  - .  . 


1/16  inch.  It  is  manufactured  with 
single  or  double-throw  contacts. 
Rated  at  15  amp,  125  volts,  a-c,  the 
overall  dimensions  are  only  24  x 
25/32  X  i  inches. 


Calculator  (35) 

American  Hydromath  Co.,  146 
West  67th  St.,  New  York  19,  N.  Y. 
The  CJalculaide  frequency  computer 


S(KD  BY  UADINO  STATIONERY  AND 
DRAWING  MATERIAL  DEALERS  EVUYWHERL 
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INDUSTRY’S  Fastening -wise  LEADERS 
CHOOSE  PHILLIPS  SCREWS 


SONOTONE  CORP 


BENDIX  APPLIANCES 


INDErtNOINT  STUDIIS!  AUTHENTIC!  UNBIASED!  Prepared  hy 
iiivestivutors  from  the  James  O.  Peck  Co.,  imhisirial 
research  aiitliorities,  who  talked  with  key  men  in  top 
U.  S.  plants  using  Phillips  Recessed  Head  Screws  in 
product  assemhly. 

“ Assembly  savings  .  .  .  “Breakage  reduced  90%” 

. . .  “Eliminate  S40.-a-<lay  spoilage.”  In  their  own  words. 
America’s  best  assenddy  men  tell  how  they  apply  the 
prove<l  advantages  of  Phillips  Screws  to  speed  driving, 
end  driver  skids,  eliminate  unsightly  burrs,  improve 
product  appearance. 

Each  report  is  fully  illustrated  —  a  fact- jammed  digest 
of  modern  assemhly  practice,  information  you  never 
hoped  to  see  in  print,  inside  facts  you  would  pay  good 
money  to  get  —  now,  FREE,  to  you. 


SERVEL,  INC 


OTIS  ELEVATOR 


has  th« 
undation 
I  fatnoui 
nguithsd 
face,  on 
d,  giving 
ling  lines. 

,  without 
Ing  prints 
e  effects 
t  become 


PITNEY-BOWES 


These  reports  have  been  offered  as  they  were  pub¬ 
lished  throughout  the  year.  If  you  haven’t  alreasly 
sent  for  them,  get  all  twelve  now .  Read  them !  Learn 
why,  more  and  more,  Phillips  .Screws  spsst  the  profit- 
planned  products! 


/4a/7  "^9  ewp^tt 


Phillips  Screw  Mfrs., 
c/o  Horton-Noyes 

2300  Industrial  Trust  Bldg.,  Providence,  R.  I. 

Srnd  me  the  12  Assembly  Reports  on  I’hillips  Screws. 


Pheoll  Manuficturlnc  C*. 

Readme  Screw  Co. 

Russell  Burdsall  &  Wtrd 
Bolt  &  Nut  Ce. 

Scovill  Manufaeturinc  Ce. 
Shakeeroef  Ine. 

The  Sauthineton  Hardware  Mfs.  Ce. 
The  Steel  Company  at  Canada.  Ltd. 
Sterlini  Bolt  Ce. 
stronphold  Screw  Products.  Inc. 
Wetverine  Bolt  Company 


Smerican  Screw  Ce. 
Atlantic  Screw  Worki 
Atlas  Bolt  4  Screw  Ce. 
Central  Screw  Co. 
Chandler  Products  Corp. 
Continental  Screw  Ce. 
Corbin  Screw  DIv.  of 
American  Hdwe.  Corp. 
The  H.  M.  Harper  Co. 
International  Screw  Ce. 
Lamson  &  Sessioni  Ce. 


Company 


Milford  Rivet  and  Machine  Ce. 
National  Lock  Co. 

National  Screw  4  Mtp.  Ce. 
New  Enpland  Screw  Ce. 
Parker- Kalon  Cnreoratlen 
Pawtucket  Screw  Ce. 


Addreni 
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PRECISION  MINIATURE  METERS 


Hairline  accuracy,  minimum  size  and  weight,  elec¬ 
trically  adapted  for  a  specific  job . . .  that's  what  you  can 
be  sure  of  with  MB  miniatures  . . ,  instruments  truly  “made  to 
order”  for  aircraft!  Plan  on  their  design  advantages  . . .  and 
their  dependability*.  .  .  for  fuel  gages,  cylinder  head  thermo¬ 
meters,  oil  temperature  and  pressure  gages,  and  others. 


These  efficient  meters  are  designed  for  the  required  calibra¬ 
tions  and  special  performance  characteristics,  and  compensated 
for  error-producing  temperature  changes  ...  for  use  wherever 
quantities  can  be  measured  electrically.  Not  only  do  they  offer 
unfailing  accuracy,  but  they  also  help  you  cut  panel  space  and 
wcii^lil  rccfuirenients  to  the  hone. 


For  Example 


Accurate  to  within  +  2  M  B  in¬ 
struments  also  ha\e  the  sensi¬ 
tivity  for  use  ith  thermocouples. 
20  millivolt  drop  produces  full 
deflection  in  instruments  com¬ 
pensated  for  copper  temperature 
error;  uncompensated — only 
12’/2  millivolts.  You  can  get  them 
with  square  or  round,  anodi/ed 
aluminum  housings,  plain  or 
luminous  scales — all  built  for 
long,  hard  usage. 


MB  instruments  are  built  to  high  standards,  of  only  top- 
quality  materials.  Let  an  MB  engineer  show  you  how  easily 
and  economically  the  1-inch  and  1  Vi-inch  models  can  be 
applied  to  your  own  designs.  Write  for  details. 


■  -  ■  -  - 

!  THE 

:  IV  yf  O  MANt^ACTUUNG  C0in»IUIY,  MC. 

[  I  y  1#  331  East  Street,  New  Ifanrcfl  tl,  Ce«u 

f 
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HOPP 


RADIO 

DIALS 


DIAL 

WINDOWS 


NAME 

PLATES 


SCALES 


GAUGES 


CHARTS 


CALCULATORS 

ETC. 
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640  Do«bl*-A  condcntar  mik^ 
with  anociottd  RA*1095  amplifitr 


correlates,  at  one  setting,  natural 
frequency  and  wavelength  of  a  cir¬ 
cuit  comprising  an  inductor  and 
capacitor  with  the  physical  dimen¬ 
sions  of  the  coil  and  the  capacitance 
value  of  the  capacitor.  A  frequency 
range  from  400  kilocycles  to  160 
^megacycles  is  covered.  All  scales 
appear  on  the  same  side  of  the 
computer. 


Western  Electric 

640  DOUBLE-A  MIKE 


Here’s  a  mike  that’s  ideal  for  non -directional,  ultra¬ 
faithful  single  mike  pick-ups  in  large  studios  or  audito¬ 
riums.  Its  uuusually  small  diaphragm  forestalls  phase 
distortion  and  improves  fidelity.  For  booklet  giving  full 
details,  write  to  Graybar  Electric  Co.,  420  Lexington  Ave., 
New  York  17,  N.  Y.,  or  . . . 

ASK  YOUR  LOCAL 


GraybaR 


Stripper  Kit  (36) 

General  Cement  Mpg.  Co.,  919 
Taylor  Ave.,  Rockford,  Ill.  Insula¬ 
tion  of  any  wire  from  size  8  to  30 


BROADCAST  REPRESENTATIVE 


can  be  quickly  stripped  with  the 
new  Speedex  733-K  kit.  The  basic 
tool  has  seven  interchangeable 
blades  and  is  packaged  in  a  steel 
case. 


radio  dial*,  v 

monofocturer*. 


KV.Shaveendle»*P«>* 

,jb, 

d  Plorfc.  »• 

•  .  nnd  eogineef*  regord'nO  ^ 
,on.*.s  end 


eloctricol  app'»- 


Voltage  Regulator  (37) 

Sorensen  &  Co.,  Inc.,  Stamford. 
Conn.  Particularly  applicable  for 
aircraft  use,  the  model  D-500  a-c 


iSTAltlSMlO 

34th  street,  ^ 


RELAYS 


RESISTORS 


RHEOSTATS 


Crisp  action,  Durable  construction.  Low  power  con¬ 
sumption.  Light,  intermediate  and  heavy-duty  types  for 
sensitive,  transfer,  time  delay,  antenna  change-over, 
break-iri,  and  latch-in  operation,  (illustration  at  left) 


Withstand  heat,  moisture,  vibration,  and  other  adverse 
operating  conditions.  Regular  line  includes  wide  range 
of  types,  sizes,  ratings,  terminals,  mountings  and  en¬ 
closures.  (illustration  at  right) 


Op>erate  smoothly.  Durable  contacts.  Line  includes  wid¬ 
est  range  of  sizes,  tapers,  and  current  ratings  from  tiny 
ring- types  for  radio  to  huge  multiple  assemblies  for 
heasnest  industrial  use.  (Illustration  at  left) 


Devices  since  1892 


Electric  Control 


WARD  LEONARD  ELECTRIC  COMPANY 
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THE  ALLEN  MFC.  CO., 

HARTFORD  1,  CONN..  U.  S.  A 


NEW  PRODUCTS 


(centinuad) 


[flexible  COUPLINGS j 


voltage  regulator  delivers  output 
voltage  in  the  range  110  to  120 
volts  with  input  voltage  from  95  to 
126  volts,  360  to  500  cycles.  Regu¬ 
lation  accuracy  is  0.5  percent  and 
harmonic  distortion  is  less  than  5 
percent.  The  unit  weighs  12.5 
pounds. 


ky  GUARDIAN  PRODUCTS 
i  '  '  CO.,  Micliif«ii  C(»y,  Ind. 


BEST  ON  THE  ROAD! 


Transcription  Console  (38) 


Robinson  Recording  Laboratories, 
35  S.  9th  St.,  Philadelphia  7,  Pa. 
A  new  wooden  cabinet  with  access, 


SOCKET  SET  SCREWS 

apoly  the  grip! 


Every  Ward  model  has  been 
tested  and  approved  by  car  and 
radio  set  manufacturers  —  yovr 
proof  df  quality  insidt  and  Out. 


Flexible  Couplings  made  by  GUARDIAN 
Products  Company  of  Michigan  City, 
Indiana  are  widely  used  to  connect  drive 
shafts  of  motors  with  those  of  moving 
parts  in  household  mechanical  equip¬ 
ment  and  appliances  for  smoother,  more 
quiet  operation  with  less  vibration. 

Allen  Hollow  Set  Screws  are  used  to 
make  the  connections  secure.  These  hex- 
socket  screws  are  handily  set  up  with 
Allen  Hex  Keys,  —  so  tightly  that  they 
never  work  loose  or  let  a  drive  shaft  slip. 
The  screws  are  threaded  to  a  high  Class 
3  fit  for  the  maximum  of  frictional 
HOLDING  -  POWER  in  the  tapped  hole. 


to  turntable  motors  and  storage 
space  for  recording  accessories  can 
be  supplied  with  or  without  turn¬ 
table  chassis. 


Multiple-Contact  Relay  (39) 


Automatic  Signal  Division,  East¬ 
ern  Industries,  Inc.,  100  Regent  St., 
East  Norwalk,  Conn.  The  AC2  mul¬ 
tiple-contact  relay  used  in  vehicle- 
actuated  traffic  control  systems  is 
now  available  for  general  use.  In¬ 
sulation  between  individual  contact 
springs  and  between  any  spring  and 
ground  is  of  the  order  of  300  meg¬ 
ohms.  Connections  to  coil  and  con¬ 
tacts  are  made  at  the  rear  so  that 


World's  largest  manufacturers  of 
antennas.  We  specialize  in  car, 
home,  amateur  and  special  com¬ 
munications  applications,  includ¬ 
ing  FM  and  television.  Write  for 
full  details. 


Ask  your  local  Allen  Distri¬ 
butor  for  samples  to  test  for 
any  application  you  have  in 
mind.  Also  test  samples  of  Al¬ 
len  Socket  Head  Cap  Screws, 
Flat  Head  Cap  Screws,  Socket 
Head  Shoulder  Screws  and 
*'Tru-Ground”  Dowel  Pins. 
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COPPER  OXIDE 
RECTIFIERS 


NEW  PRODUCTS  (contlnutd) 

the  relay  can  be  vertically  mounted 
on  a  panel.  Coils  for  115  and  12 
volts,  60  cycles  are  standard.  Vari¬ 
ous  combinations  of  c.ntact  ar¬ 
rangement  can  be  supplied. 


Plastic  Capacitors  (40) 

American  Condenser  Co.,  4410  N. 
Ravenswood  Ave.,  Chicago  40,  Ill. 
The  Amcon  Little  PL  is  a  new  small 


Coprox  rectihers  may 
be  your  answer  to  more 
efficient  current  control. 
Their  varistor  character¬ 
istics  molce  them  ideal  for 
automatic  current  valving, 
current  limiting,  current 
blocking,  as  well  as  cur¬ 
rent  measurement. 

Bradley  rectifiers  are 
designed  to  give  you 
trouble-free  service.  Their 
electrical  characteristics 
remain  stable  indefinitely 
When  operated  within 
normal  rating,  their  life  is 
unlimited. 

Send  for  curves  show¬ 
ing  current,  voltage,  re¬ 
sistance  and  temperature 
characteristics  of  Bradley 
copper  oxide  rectifiers. 


Quality,  not  quantity  is  the  tradi¬ 
tion  at  Sillcocks-Miller. 

Of  course,  we  cannot  make  all  the 
plastic  dials  industry  requires,  so  we 
concentrate  on  producing  only  the 
best. 

That’s  why  design  engineers  who 
need  plastic  dials  fabricated  to  close 
tolerances  have  come  to  depend 
on  Sillcocks  -  Miller  craftsmanship 
through  the  years. 

Our  understanding  of  the  problems, 
our  ability  to  produce  accurately  and 
our  thorough  knowledge  of  all  types 
of  plastics  enable  us  to  supply  your 
needs  quickly  and  with  a  minimum  of 
effort  on  your  part. 

That’s  why  we  can  say  "It  costs 
you  less  to  pay  a  little  more  for  Sill¬ 
cocks-Miller  quality. 

Write  for  Illustrated  brochure  today. 


capacitor  in  a  molded  plastic  case 
for  top  chassis  mounting.  The  units 
are  2h  inches  high  and  have  a 
diameter  of  li  inches. 


Portable  Console  (41) 

Presto  Recording  Corp.,  242  West 
55th  St.,  New  York  19,  N.  Y.  The 
type  90-A  portable  console  for  re¬ 
cording  consists  of  three  preampli¬ 
fiers,  mixer,  master  gain  control, 


illustrated  literature, 
available  on  request, 
shov^  more  models  of 
copper  oxide  rectifiers, 
plus  a  line  of  selenium 
rectifiers  and  photocelis. 
Write  for  'The  Brodley 
Line." 


and  recording  amplifier.  A  selector 
provides  various  recording  and 
playback  characteristics.  Flexibil¬ 
ity  of  controls  allows  a  free  com¬ 
bination  of  functions  so  that  the 
amplifier  can  feed  both  a  public 


I  IhO  WkI  Forkw  kntms,  t  L 

U4tsttt  $Mth  Oraai*.  i 

»pkiaiists  in 

. — 
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SUPER'O*^ 


^EAlflLE  I  Stainless  Steels  •  Alloy  Steels 

and  {  Carbon  Steels»Nickel&Inconel 

WELDRAWN*  Monel  •  Beryllium  Copper 


Superior  tubing  must  have  what  it  takes, 
judging  from  the  demands  of  the  manufacturers 
of  quality  peacetime  products.  Many  of  these 
same  manufacturers  were  engaged  in  production 
for  the  armed  forces,  where  quality  took  on  a 
new  meaning— lives,  many  lives  depended  on  it. 

Quality  can’t  be  "just  skin  deep’’— it  must 
pervade  the  innermost  parts  of  a  product.  Tub¬ 
ing  usually  loses  its  identity  in  end  use— it  very 
often  is  just  a  "line  on  a  blueprint’’— but  a  line 
or  part  that  must  perform  as  well  as  the  costliest 
component  in  the  assembly. 

Choosing  the  proper  analysis  depends 
upon  combinations  of  such  properties  as  corro- 

*Ketiittrtd  U,  S,  Trademark 


sion  resistance,  formability,  machinability,  high 
strength  at  high  temperamre  and  surface  finish. 
Superior  maintains  tireless  control  of  these  fac¬ 
tors  as  well  as  physical  dimensions  and  toler¬ 
ances,  all  of  which  contribute  to  tubing  quality. 
Our  ability  to  predict  accurately  the  results  to 
be  experienced  with  any  given  analysis,  is  your 
assurance  of  enduring,  faultless  performance  in 
production  and  end  use. 

Superior  engineers  and  metallurgists  are 
ready  to  help  you  choose  the  exact  analysis  for 
your  product.  Design  with  Superior  tubing  and 
be  sure ! 


costs 
»r  Sill* 
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SUPERIOR  TUBE  COMPANY 
Norristown,  Pennsylvania 
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Catalog 
No.  Ill 


This  new  5'  Cathode  Ray  Oscilloscope  is  a 


precision  instrument  at  an  attractively  low 


price,  designed  for  practical  application  in 


laboratory  research  and  production  work 


Sturdily  built  to  stand  up  under  continuous 


use,  and  ably  engineered  for  accuracy,  vers^ 


tility  and  easy  operation.  Has  wide  frequency 
range,  10  cycles  to  300  Kc.  Deflection  sensi 


tivity,  1  volt  RMS  per  inch.  Sweep  range,  10 


cycles  to  60  Kc.  in  four  steps.  For  110-120 
volt,  50-60  cycle  operation.  In  welded  steel 


NEW  PRODUCTS  (continued) 

address  system  and  record  cutter. 
Incoming  line  programs  can  be  com¬ 
bined  with  pickups  or  microphones. 
The  equipment  operates  from  socket 
power. 


Heating  Aeressory^^  (  *2i 

Induction  Heating  Corp.,  389  La¬ 
fayette  St.,  New  York  3,  N.  Y.  A 
compact  hydraulic  rotary  spindle 


99^0 


cabinet,  with  baked  black  wrinkle-finish; 
8\4'  wide,  14^/1"  high,  18V^'  deep.  Instru¬ 
ment  panel  in  black,  with  white  designations: 
has  removable  calibrated  plastic  scale.  Com¬ 
plete  with  tubes.  No.  84*.176.  Net  On/y. $99.50 


Order  from  the  Central  Source 
for  Everything  in  Radio  and  Electronics 


and  quench  ring  combined  in  a 
single  unit  simplifies  the  handling 
and  heat  treatment  of  parts  requir¬ 
ing  rotation  during  the  heating 
cycle  and  subsequent  quenching  in 
position. 


ALLIED  RADIO  CORP. 


833  W.  Jackson  tlvd.,  Doot.  74-A-7,  Chkoao  7,  Nllnoit 


ETAi 


Terminal  Block 
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Cannon  Electric  Development 
Co.,  3209  Humboldt  St.,  Los  An¬ 
geles  31,  Calif.  The  new  type  Y6 
terminal  block  for  low-amperage 
circuits  is  made  of  phenolic  plastic, 
fitted  with  side  and  foot  brackets 
of  steel  and  contacts  of  silver- 
plated  brass.  Six-contact  units  can 
be  combined  vertically  or  horizon¬ 
tally.  Single  or  six-contact  plugs 
can  be  inserted  as  desired.  It  is 
completely  described  in  Bulletin 
Y6-1. 


Moistiireproof  Speakers  (44) 


University  Loudspeakers,  Inc., 
225  Varick  St.,  New  York  14,  N.Y. 
The  type  MSR  and  MM-2TC  loud¬ 
speakers  are  submergence  and  ex¬ 
plosion  proof.  Electrical  character¬ 
istics  are  similar  but  the  type  MSR 
has  a  360-degree  dispersion  and  is 
heavier  than  the  MM-2TC  which 
has  120-degree  dispersion.  These 
loudspeakers  are  suitable  for  use 


The  time-tested  Par-Metal 
line  presents  superior  fea¬ 
tures  of  styling,  design,  and 
construction. True  to  policy, 
Par-Metal  continues  to 
specialize  in  Electronic 
Housings  exclusively. .. and 
Is  therefore  able  to  offer 
leadership  in  value.  Com¬ 
pare!  Write  for  Catalogue, 


JENKINTOWN,  PENNA.,  BOXtHl  ♦  BRANCHES:  BOSTON  •  CHICAGO  •  DETROIT  •  INDIANAPOLIS  •  ST.  LOUIS  *  SAN  FRANCISCO 


A  MIGHTY  OAK 

A  TINY  SOCKET  SET  SCREW 


BOTH  ARE  TOWERS  OF  STRENGTH 


In  the  electronics,  radio  and  electrical  manufac¬ 
turing  business  these  tiny  "Unbrako"  Socket  Set 
Screws  are  like  the  mighty  oak  —  their  strength, 
and  enduring  quality  are  lasting.  Their  finely 
knurled  cup  points  dig  in  and  holds  fast  —  regard¬ 
less  of  the  most  chattering  vibration.  Though  they 
be  ever  so  tiny  —  they  are  made  with  the  accu¬ 
racy  for  which  "Unbrako"  Products  are  famous. 


You  can'f  screw 
sockef  screws  in  or 
out,  without  a  hex  socket 
wrench, — so  why  not  get  our 
#25  or  #50  ''Hallowell''  Hol¬ 
low  Handle  Key  Kit  which  con¬ 
tains  most  all  hex  bits. 


Knurling  of  Sockot 
Screws  originotod  with 
''‘Unbrako"  in  1934. 


Unbrako"  and  “HalloweH''  Products  are  sold  entirely  through  distributors 

its:  Pat.  Pend.  OVER  43  TEARS  IN  BUSINESS 
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Mt^STER-PRO 


NEW  PRODUCTS 


(continued) 


M—H  All  NAB  ttmmdaniB 

The  QUAUTY  Tronsaiption 
and  Retarding  [qaipment 


All  NEW  Posr-WAR  MODELS 


MODEL  “V 

Recerding 

Turwtwfcl* 

llliMtnrted ' 


MODEL  “M-S" 

Recording  Medionlsm 
lllwetmted 
Mounted 


on  docks,  in  railraod  yards,  in 
mines,  powder  mills,  or  flour  fac¬ 
tories. 


A  PROVED  relay 
for  NEW  uses 


Power  Tetrode  (45) 

Eitel  -  McCullough,  Inc.,  San 
Bruno,  Calif.  The  new-  type 
4X500A  power  tetrode  is  rated  at 
500  watts  plate  dissipation  with  op- 


Originally  developed  for  our  Vehicle- 
Actuated  Traffic  Control  Systems,  the  AC2 
%elay  is  now  generally  available.  Fast¬ 
acting,  compact,  built  to  handle  up  to  ten 
million  operations  a  year.  Clean  operation 
of  as  many  as  ten  sets  of  contacts  on  each 
relay,  with  circuit  closure  of  as  little  as 
.010  seconds,  is  provided  for  on  this 
precision  instrument. 

Even  where  insulation  resistance  in  excess 
of  3(X)  megohms  is  required  after  long 
service,  the  AC2  relay  assures  it  through 
a  method  of  encasing  each  individual 
contact  spring  in  phenolic  insulation. 

All  connections  at  rear,  including  coil 
connections,  make  the  AC2  well  adapted  to 
vertical  rack  mounting.  Drilled  with  four 
mounting  holes  for  No.  8  screws.  Centers 
1*16"  horizontal  x  **i6"  verticaL 

Coils  for  115  volts,  60  cycles,  and  12  volts. 
60  cycles,  and  pure  silver  contacts 
diameter  (rated '5  amps.  115V  AC  non- 
inductive)  and  diameter  (rated  10 
amps.  1 15  V  AC  non-inductive)  are  standard. 
Other  contacts  and  coils  can  be  supplied 
on  special  order. 

Overall  width  1^".  Relay  extends  21^” 
forward 'and  backward  from  mounting 
surface.  Overall  height  2  *•:(**  f*"**"!  iMJtlom 
of  armattire  to  top  of  vertical  contact 
guards.  This  height  will  accommodate  4 
average  contact  assemblies,  2  in  each 
pileup.  Each  additional  contact  assembly 
adds  approximately  to  the  overall 
height 

Our  Engineering  Department  can  be  of 
valuable  assistance  to  ydu  in  adapting 
this  relay  to  your  present  products  or 
your  new  designs.  Write  us  your  problems 
and  requirements. 


RUGOEDNESSi  Fiftcan  pounds  of  steel  and 
bronze,  chrome  plated,  assures  long  wear 
and  the  ability  to  stand  up  against  rough 
treatment. 

QUAUTYi  The  "Master-Pro"  M-5  is  machined 
to  tolerances  unheard  of  in  pre-war  production. 

The  "Master-Pro"  M-5  is  a  universal  machine 
that  can  be  readily  attached  not  only  to  the 
Master-Pro'  V  Recording  turntable,  but  to 
any  other  moke  of  turntable  that  has  the 
standard  center  pin. 

Standard  screw  cuts  120  line  per  inch 
outside-in.  Feed  screws  fgiu105  or  120  lihe 
outside-in  or  Inside-out,  substituted  at  pur¬ 
chaser's  request. 

>*MASTER-PRO’*  MODEL-V 
16"  RECORDING  TURNTABLE 

A  precision  -  constructed  instrument,  unsur¬ 
passed  in  quality  and  performance . . .  oper¬ 
ating  in  many  of  the  leading  broadcasting 
stations  and  educational  institutions. 

SPECIFICATIONS: 

14-lb.  l-ribbed  cost  iron  chassis. 

Icrthe  turned  aluminum  cast  turntable. 

New  specially  constructed  smooth 
powerful  constant  spood  motor. 

Neoprene  idlers. 


eration  at  maximum  rating  up  to 
110  megacycle.s.  The  tube  features 
low  grid  drive,  controlled  grid  emis¬ 
sion,  high  power  gain  and  stability. 


“MASTCR-PRO”  VM-2 
RECORDING  LEVEL  METER 


Mounted  in  on  unbreakable, 
cast  aluminum  case,  the  VM-2 
Recording  level  Meter  takes 
recording  out  of  the  hands  of 
the  expert.  It  enables  the  art¬ 
ist  to  watch  the  volume  of  his 
recording  while  performing  and 
is  readable  up  ta  25  feet.  The 
possibilitv  of  overcuttIng  is 
reduced  to  a  minimum.  Wired 
to  operate  from  the  output  of 
on  8,  15,  200  or  a  500  Ohm, 
ompliner. 


Line  Fault  Finder  (46) 

Kenneth  W.  Jarvis,  6058  West 
Fullerton  St.,  Chicago,  Ill.  Two  in¬ 
struments  with  different  ranges  are 
now  available  for  locating  faults  on 
power  transmission  lines.  The  lo¬ 
cation  can  be  determined  within  an 
accuracy  of  0.1  percent  within  10 
minutes  after  connecting  the  unit 
to  a  line  that  is  open  or  shorted. 
The  principle  of  operation  is  de¬ 
pendent  upon  resonance  phenomena 
such  that  line  current  of  the  section 


Telephone; 


LOngacre  3-1800 


AUTOMATIC  SIGNAL  DIVISION 

Eastern  Industries,  Incorporated 

100  Regent  Street 
East  Norwalk,  Connecticut 


hi 


I 


f 


1-3/8  X  3-1  /2 


From  600  to  over  30,000  Volta 


•  r  tv  V®'  ' 


V 


Metal 

jerrulet  are  soldered  to  silver  bands  fused  to  each 
end  of  hcaey-tcalled  glass  tubes.  This  vneuam  tight 
assembly  is  fungus-proof  and  passes  Signal  Corps, 
.4ir  Corps  and  Suvy  thermal  cycle  and  immersion 
tests. 


,,r.co-- 


S 


•  For  low  ami  niejlhiiii  power  eoiipliiif;  ami  bypass  eireiiits 
where  iiiiea  eapaeilors  have  previously  been  r€*quirecl 

•  Television  ami  Oseilloseope  Cirenits 

•  Vibrator  BiifTer  ami  Are  Eliniination 

•  Geiger  Counter  ami  Iiistrnmeiil  Capacitors 

Write  for  illustrated  literature  featuring  our 
complete  line  of  Glossmike  Capacitors. 


*  PLAS7KONS:  PlastU-Film  Dielectric  Capacitors 

Order  from  your  jobber:  if  he  cannot  supply  you,  order  direct 


('!ondenser  Produeis  Company 

i:75  NORTH  BRANCH  STREET  •  CHICAGO  27,  IlllNOIS 
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NEW  PHOOUCTS 


(continued) 


Cryscons  are  electronically 
tested  to  insure  accurately 
rated  minimum  loss  trimmers 
and  padders. 

The  CN-351  series  is  an 
efficient  RF  trimmer  capaci¬ 
tor.  (RF  Padders  in  stand¬ 
ard  ranges  —  even  to  1.5 
—  7  mmf).  The  CN-55  series 
is  a  dual  IF  podder  capaci¬ 
tor.  The  latter  series  may 
also  be  had  with  two  fixed 
series  capacitors. 


SALES  REPRESENTATIVES 

CHICAGO  AREA: 

P.  G.  RIDLEY  ' 

4804  West  Chicago  Avenue 
CHICAGO  5,  ILLINOIS 

EASTERN  AREA: 

LEO  FREED  &  CO. 

420  Lexington  Avenue 
NEW  YORK  17.  NEW  YORK 

PACIFIC  COAST  AREA: 

HARRY  A.  LASURE  CO. 

2216  West  11th  Street 

LOS  ANGELES  6,  CALIFORNIA 


Early  deliveries  for  large  or 
medium  orders  —  Inquire  re¬ 
gionally  or  directly. 


CRYSCON,  Inc. 

SUBSIDIARY  OF: 


CRYSTAL  RESEARCH 

LABORATORIES,  Inc. 

29  Allyn  Street  Hartford  3,  Conn. 
Telephone  7-3215 


under  test  is  maximum  at  the  reso¬ 
nant  frequency  of  the  section.  A 
variable  oscillator  is  geared  in  with 
a  recorder  to  indicate  the  distance 
at  which  the  fault  lies  as  a  function 
of  resonant  frequency.  The  smaller 
of  the  two  units  has  a  normal  range 
of  100  miles  on  open  wire  line  and 
the  larger  has  a  range  of  250  miles. 


Test  Meter  (47) 

Electronic  Measurements  Corp,, 
114  Liberty  St.,  New  York  6,  N.  Y. 
The  Volometer  Model  101  B  illus¬ 
trated  is  a  volt-ohm-milliammeter 
with  five  d-c  ranges  up  to  3,000 


volts,  four  a-c  ranges  up  to  1,200 
volts,  three  d-c  ranges  to  600  mil- 
liamperes,  and  resistance  ranges  up 
to  20  megohms.  The  model  shown, 
most  expensive  of  the  line,  is  priced 
at  $24.95. 


I  Literature _ 

1 

i  (48) 

I  High-Frequency  Melting.  Ajax 
^  Electrothermic  Corp.,  Ajax  Park, 
i  Trenton  5,  N.  J.  Bulletin  27  ex- 
i  plains  methods  and  equipment  for 
induction  heating  and  melting.  The 
data  is  so  presented  as  to  facilitate 
proper  selection  of  equipment  for 
the  job  to  be  done. 


Sound  Equipment.  Fairchild  Cam¬ 
era  and  Instrument  Corp.,  88-09 
Van  Wyck  Blvd.,  Jamaica  1,  N.  Y. 
A  24-page,  plastic-ring  bound  cata¬ 
log  represents  the  complete  line  of 
cutter  heads,  pickups,  studio  re¬ 
corders,  portable  recorders,  and 


Performance 


TiMH  X 

ACTUAL  TEMP.  CURVE  INSIDE  HOLDER 


AMSIINT  TEMX  •C 

ACTUAL  FREQUENCY  CURVE 


Selectronit  XL-30  is  designed  for 
close  frequency  tolerance  .  . 
VHF  services  .  .  .  police,  aircraft, 
railway  communications,  etc. 
Heater  works  ot  6  volts,  1  omp. 
Frequency  range;  3,0(K)  KC  to 
15,000  KC. 

ENGINEERS  OF 
SELECTRONK  CRYSTALS 


CRYSTAL  RESEARCH 

LABORATORIES,  Inc. 

29  Allyn  Street  Hartford  3,  Conn. 
Telephone  7-3215 
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Your  Products  Will  Never 
Die  from  "Hardening  of  the 
Arteries"  if  You  Wir«  With 

RQCKBESTOS 

WIRES,  CABLES  AND  CORDS 

It's  costly  in  money  and  prestige  to  have  “cripples”  com¬ 
ing  hac  k  for  repair  or  replacement  because  of  wire-failures. 
Hut  you  can  go  a  long  way  toward  eliminating  this  hazard  by 
wiring  with  j>erm(wenily  insulated  Ro<  kl)estos  wires,  cables 
and  cords. 

Rockln'stos  impregnated  asbestos  insulation  —  heatproof 
and  fireproof  —  will  never  bake  brittle,  crack  or  flow  and  will 
not  dry  out  with  age.  Furthermore,  it  will  withstand  cor¬ 
rosive  fumes,  oil,  grease  and  moisture. 

.Vmong  the  1'25  different  Rockl)estos  types,  you  almost  are 
certain  to  find  the  sohitions  to  your  wiring  problems.  Write 
for  catalog  or  recommendations. 

ROCKBISTOS  PRODUCTS  CORPORATION 
443  Nicoll  N«w  Hav«n,  Conn. 

IROCKBESTOS 

~  The  Wire  with  Permanent  Insolation 

M  W  YORK  BUFFALO  CLEVELAND  DETROIT  CHICAGO  PITTSBURGH 
ST  HX'IS  LOS  SNGFLFi  SEATTLE  SAN  FR  \NCISCO  PORTLAND.  ORE 


Thr  large  rable  illustrated  to  the  right 
is  R<M-kl>estos  A.  V.  C.  Motor  I.ead 
and  Apparatus  Cable.  Insulated  with 
asliestos  and  varnished  cainbrir,  and 
covered  with  a  heavy  asbestos  braid, 
it  is  made  in  siies  18  AWG  to  l.ttOO.IHH) 
CM.,  may  be  operated  under  max¬ 
imum  temperatures  o(  280°  K.,  and  is 
highly  resistant  to  oil,  grease  and 
corrosive  fumes. 


ROCKBfSTOS  THERMOSTAT  CONTROL  WIRE 

.\  multi-conductor  control  wire  for  temjterature 
control  .system.s,  commercial  ga.s  burner  .safety 
pilot  controls,  .signal  and  intercommunications 
sy.stems.  Its  a.sltestos  insulation  and  rugger!  steel 
armor  awsure  trouble-free  circuits.  Sizes  No.  14  to 
18  .\WG  in  two  to  five  conductors  with  .0125', 
.025',  or  (.031'  for  115  volt  serYTr-e)  of  felterl  a.s- 
bestos  iu.sulatiun. 
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RQCKBESTOS  A.V.C.  600  SWITCHBOARD  WIRE 
(National  Eloclrical  Coda  Type  AVB) 

This  wire  was  designer!  to  make  complicated  wir¬ 
ing  jobs  itermanent.  The  irapregnaterl  felteri  as- 
liestos  waU  lieneath  the  flameprrrrtfed  cotton  braid 
is  heat,  flame  and  moisture  resistant  and  a.ssures 
fine  appearance  rtf  Intarrls  as  it  gives  on  bends  to 
prevent  braid  cracking.  Sizes  18  to  4  0  with 

solid  or  stranderl  crmductors  in  black,  grey  rtr 
wlrtrs.  UrK'kltestos  .\.V.C.  Hinge  and  Bus  Cable 
have  the  same  characteristics. 

A  few  of  the  125  different  wires,  cables  and  rnrds 
developed  by  Rockbestos  for  severe  or  7inusual  oper¬ 
ating  eonditions. 


THE  VICTOREEN  INSTRUMENT  CO 
5806  HOUGH  AVENUE 
CLEVELAND  3,  OHIO 


(continuad) 


NEW  PRODUCTS 


for  use  with  particular  types  of 
connectors  are  also  described. 


Swinmarixiiig  a^hrw  r»c«at,d<f¥^6pnwMtl» 
ctftmmqWng  o«r  twM^y-yMr  tMacicQround 
in  Hm  focfnoi  **know  how*'  of  Insirumon* 
toHon  usoci  in  rodk^M  physics. 


(56) 

Flat  Resistor  Bulletin.  Interna¬ 
tional  Resistance  Co.,  401  N.  Broad 
St.,  Philadelphia  8,  Pa.  A  4-page 
Bulletin  C-1  gives  characteristics 
of  the  type  FRW  power  wire- 
wound  resistors,  together  with  in¬ 
formation  as  to  dimensions  and 
stacking. 

(57) 

Propagation  Predictions.  Superin¬ 
tendent  of  Documents,  U.  S.  Gov¬ 
ernment  Printing  Office,  Washing¬ 
ton  25,  'D.  G.  Prepared  by  the 
Central  Radio  Propagation  Labor¬ 
atory,  National  Bureau  of  Stand¬ 
ards  and  issued  November  1946, 
“Basic  Radio  Propagation  Predic¬ 
tions  for  February  1947  Three 
Months  in  Advance”  gives  present 
world-wide  predictions  of  monthly 
average  maximum  usable  frequen¬ 
cies  for  the  month  in  question. 
Starting  with  the  July  1946  issue, 
these  predictions  have  become 
available  at  15<  a  copy  or  on  a  sub¬ 
scription  basis  at  $1.50  a  year 
(send  no  stamps). 


Modal  337 
Goigor  -  Muollor 
Counlor  Seal*  of 
64.  Offort  a  high 
dogroo  of  •labil¬ 
ity  and  pormon- 
onco  with  a  pro- 
omplifior  and 
tpocial  vollago 
rogulalion  addod 
foalurot. 


Have  you  a  radi¬ 
ation  moatwring 
problomt  Our 
•taff  of  tadiolion 
phyticid*  offort 
you  comp^tonl 
tochnical  infor¬ 
mation. 


Modal  34t 
Voltagorogulator 
unit.  A  bank  of 
•ovon  subminia- 
twro  voltago  rog- 
wlator  tubas 
arrangad  in  ono 
unit  for  procision 
vollago  rogw* 
lalion. 


Modal  311  — 
Goigor  •  Muollor 
Twbo.  Our  back¬ 
ground  in  fino 
tube  production 
offors  closo  ro- 
producibilily  of 
twbo  charactor- 
istics. 


(58) 

Contact  Springs.  Gibson  Electric 
Co.,  8350  Frankstown  Ave.,  Pitts¬ 
burgh,  Pa.  Bulletin  B-61  just  is¬ 
sued  describes  their  beryllium  cop¬ 
per  electrical  contact  springs  and 
contact  assemblies.  Electrical  and 
mechanical  properties  are  in¬ 
cluded. 


Modol  338  Eloctronomotor.  An 
oloofronic  instrumoirf  which  ro- 
places  oloctrostatic  oloctromofors. 
Input  rosistanco  10*>  Ohms. 


(59) 

Sewing  Machine.  Union  Special 
Machine  Co.,  400  North  Franklin 
St.,  Chicago  10,  Ill.  Now  in  produc¬ 
tion  is  a  plastic  sewing  machine  or 
sealer  that  operates  at  a  speed  of 
12  to  15  feet  a  minute.  It  is  pic¬ 
tured  in  a  recent  pamphlet.* 


This  advertisement  merely  serves 
to  introduce  these  new  instru¬ 
ments  and  tubes  to  you.  For  com¬ 
plete  information;  prices  and 
deliveries  write  us  and  you  will 
receive  a  prompt  reply. 


(60) 

Variable  Resistors.  Technology  In¬ 
strument  Corp.,  1058  Main  St., 
Waltham  54,  Mass.  Precision  vari¬ 
able  resistors  are  announced  in  an 
8-page  pamphlet  just  released.  The 
standard  model,  type  RV3,  is  in¬ 
tended  for  use  in  experimental  and 
laboratory  gear.  The  laboratory 
model,  type  RVL3  is  provided  with 
a  dial  plate  so  as  to  be  direct  read- 


Swbminialwro 
olociromotor  vac¬ 
uum  Iwbot  (actual 
sizo)  offor  an  ox- 
panding  concop- 
lion  of  circuit 
dovolopmonl. 
Avoilablo  a* : 
Diodoc 
Triodot 
Tolrodos 
Ponlodos 


Hi-mogohm  ro- 
•itlort  of  •labil¬ 
ity  and  accuracy 
for  tho  difficult 
opplicationc. 
Vacuum  coalod 
in  glacc  with  epo- 
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3223-9  N^r^RMITAGE 


AVENUE  .  CHICAGO  47,  ILLINOIS 


(continuad) 
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other  gear  necessary  for  high-pre¬ 
cision  cutting  of  records.  There  is 
an  interesting  and  well  illustrated 
story  on  details  of  construction. 


Hernretic  Terminals.  Ciiicinnati 
Electric  Products  Co.,  Carthage  at 
Hannaford,  Cincinnati,  Ohio.  A 
new  20-page  catalog  giving  com¬ 
plete  engineering  data  about  Fusite 
terminals  and  HermetiCans  also 
contains  information  on  the  com¬ 
pany’s  automatic  sealer. 


Terminals.  Patton-MacGuyer  Co., 
17  Virginia  Ave.,  Providence,  R.  I. 
Forty  pages  are  required  to  de¬ 
scribe  the  more  than  300  entirely 
different  types  of  terminals  for 
electric  wires  that  this  outfit  is 
prepared  to  furnish.  The  latest 
catalog  is  just  off  the  press. 


0l£.lce. 


PtCCISIOM  MACHINES 


Capacitors.  American  Condenser 
Corp.,  4410  No.  Ravenswood  Ave., 
Chicago,  Ill.  Catalog  A546  de¬ 
scribes  the  company’s  complete 
line  of  dry  electrolytic  and  paper 
dielectric  capacitors. 


321  Eighth  Avenue 


Lake  City,  Minnesota 


Variacs.  General  Radio  Co.,  Cam¬ 
bridge  39,  Mass.  New  continuously 
variable  transformers  and  com¬ 
binations  for  special  or  multiple- 
phase  use  are  described  in  a  new 
folder  just  issued. 


A  fine-cut  diamond  is  perfection  in  beauty  and 
formation.  But  to  you  os  o  transformer-user, 
perfection  lies  in  performance,  doy  In,  day 
out,  under  the  exacting  conditions  of  your 
particular  application. 

Finest  engineering  talent  and  most  com¬ 
plete  electronic  laboratories  ore  ready  to 
consult  with  and  help  you  with  your  problem— 
and  to  design  and  produce  the  transformer 
that  will  give  you  perfection  in  performance. 


(54) 

Carbon*  Products.  Speer  Carbon 
Co.,  St.  Mary’s  Pa.  Catalog  25  is 
devoted  primarily  to  brush  grades, 
but  dry-cell  battery  electrodes  and 
filler,  rheostat  discs,  and  graphite 
pow'er  tube  anodes  are  also  covered 
in  the  40-odd  pages. 


Connectors.  Burndy  Engineering 
Co.,  Inc.,  107  Bruckner  Blvd.,  New' 
York  54,  N.  Y.  A  new  64-page  illu¬ 
strated  catalog  is  offered  free  to 
those  interested  in  electrical  con¬ 
nectors  for  conductor  sizes  from 
No.  22  to  2,000  Mem.  Special  tools 
for  use  with  particular  types  of 
connectors  are  also  described. 


SPECIALIZED 
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SAVE  ON  VALUES  LIKE  THESE 


A  POPULAR  TUBE  AT 
A  REAL  LOW  PRICE 
anno  VHF  Midget  Super 

dUUu  Control  RFQCt' 
Pentode  Tube  UU 


RADIO  CORPORATION 

LAFAYETTE  RADIO  CORPORATION 

CHICAGO  7  ATLANTA  3 

901  W.  Jackson  Blvd.  265  Ptachtreo  Street 
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ing  in  ohms  to  a  high  degree  of  ac¬ 
curacy.  Among  other  interesting 
features  is  one  that  permits  gang¬ 
ing  these  resistors  in  a  self-sup- 
perting  assembly. 


electronic 


equipment 


(Cl) 

School  Sound.  Radio  Manufac¬ 
turers  Association,  1317  F  St., 
N.  W.,  Washington,  D.  C.  School 
Sound  Systems  provides  for  the 
first  time  an  authoritative  guide, 
agreed  upon  by  educators  and  man¬ 
ufacturers,  for  the  use  of  radio 
equipment  in  the  classroom.  Single 
copies  of  the  report  are  available 
from  RMA. 


AN/PRS-l 

This  convenient  DETECTOR  SET  if  ■ 
highly  lensitive,  portable  instrument 
for  the  detection  of  buried  metallic  and 
nonmetallic  objects.  Detection  is  dm* 
sible  up  to  depths  ot-6  inches.  The 
Detector  uses  a  UHF  transmitter  oper¬ 
ating  in  the  280  to  S80  MC  freqiiency 
~  - ■■  buried  objects 


Embossing  and  Drawing.  S.  B. 
Whistler  &  Sons,  Inc.,  748  Military 
Road,  Buffalo  17,  N.  Y.  A  slick- 
paper  12-page  booklet  outlines  the 
hydrodynamic  embossing  and  draw¬ 
ing  process  for  forming  metal.  The 
patented  process  and  engineering 
advice  on  its  use  are  offered. 


range.  The  presence  of _ _ _ 

in  the  antenna  fleld  ehanges  the  radi- 
ation  resistance  of  the  antenna  which 
changes  the  oscillator  loading.  These 
changes  are  both  visual  and  audible  by 
**—  means  of  a  meter  A  a  speaker  or  bead- 

Vj  A  »«*•  Buried  pipes,  stones,  three  rooU, 

y  air  or  water  pockets,  etc.,  are  easily 

*  V  detected.  Nails, bullets, decay, flssures, 

etc.,  are  accurately  looited  In  timbers 
and  logs.  The  Detector  Set  consists  of: 
a  detector  head  with  antenna,  reflector,  and  explorer  rod;  amplifler  and  water¬ 
proof  canvas  carrying  bag;  speaker:  headset;  spare  parts;  instructions;  and 
carrying  ease.  Easy  to  operate.  Lightweight.  Long  battery  Hfe. 

5B9541(Le«8Batteries)$ie  Cf)  CI*«42 •‘A" Battery  (IReqiEa..  41* 
Your  Coat . ID.wU  C20«l«'‘B”Battery(8Reii)Ea.Bt.«l 


ALNICO  V  S'  P.  M. 
SPEAKER 

New  Alnico  V  magnet 
provides  maximum  per¬ 
formance  with  minimum 
weight.  Normal  wattage 
3,  peak  wattage  4'i. 
V.C.  impedance  3.2  ohms, 
depth  27/16*  tj  QQ 
■B7009  ''1.90 


^^^^Supreme  Model  543B 
1000  o.  P.V. 

A  Sensitive  Meter 

Has  pin  jack  terminals,  and  in- 
eludes  the  following  ranswa; — 
0/6/60/600  D.  C.  M.  A..  0/15/150/600/3000  'TTtt.C. 
and  D.C.,  0/2000/200.000 ohms.  This  meter  is  con¬ 
venient  to  carry.  Weighs  28  ozs.  Uses  full  size  S' 
meter  with  a  rugged,  accurate  I.M.  A.  movement. 
All  resistance  ranges  are  operated  by  batteries 
furnished  with  the  unit.  Bakelite  case.  Size; 
67/8'x21/16'x21/8'.  Shpg.wt.21b8.  S*|  Q  C7 
C2A745  . *10.31 


Electric  Bonding  Machine.  Singer 
Mfg.  Co.,  149  Broadway,  New  York 
6,  N.  Y.  Electric  Bonding  Machine 
248-2  has  been  designed  for  high- 
frequency  bonding  of  thermoplas¬ 
tics.  In  general  appearance  it 
closely  resembles  a  modern  high¬ 
speed  sewing  machine.  At  that 
point  the  resemblance  ends.  Read 
about  it;  in  a  6-page  booklet. 


3Mfd.400Volt 

Hi-Voltage 

Condenser 

LsrgeS  mfd..  4000v. 
DC.  condcnBcr,  her¬ 
metically  sealed  in 
an  aluminum  can. 
Sixe  11/16  X 


D.C.  MILUAM. 
METERS 

2H-ineh  flauga  mtg. 
Black  dull  lliuth  eaaa 
—  Mtg.  Hdwe.  ind. 
Either  ■■4122  — 
0-20  M.A.O.C.  or 
■  ■411«-e>S«4 
M.A.D.C.  to  QO 
Special  .  . 


WiTmTTfmTTTs^n  neutralizing  tool  kit 

MMOWBnMMRnPVVAn  1 2  teolaTeleacope  into  S  wnita 

Corn  posed  of  alligator  side  wrench 

sHie  wrench.  24'  in.s  driver  with 
IIEAVY  DUTY  LINE  FILTER  metal  nib, 4* hex  slottwl  insulated 
^  Solar  Elim-O-Stat.  Com-  wrench  driver,  5.  16*  hex  ins.  nut 
)letely  shielded.  Type  tl  7Q  wrench.  5*  and  6*  ins.  CO  4  Q 
SN106  SB32IS  Each  *1  .1  □  driver.  586547  .  .  .  ■'C.'IO 


WIRE  STRIPPER 

"  Strips  wire  instantly!  Fastena 
to  bench  or  other  support.  Wire 
stripped  to  any  length.  Strips  wire 
up  to  I2MM  diam.  Each  QQ/ 

C152SB . 90 

AERIAL  WIRE 

Contains  7  strands— 4  copMr— 
3  of  monel.  100  foot  coils.  QQ/ 

5B5133  ....  Each  C«l 


Strain  Gages.  Hathaway  Instru¬ 
ment  Co.,  Denver  10,  Colo.  The 
type  MRC-12  strain  gage  control 
unit  will  drive  6  separate  galvano¬ 
meters  in  a  Hathaway  oscillograph 
for  strain  recording  over  the  fre¬ 
quency  range  0  to  500  cycles  per 
second.  Seven  pages  of  details  ap¬ 
pear  as  Bulletin  SP  177. 


Simple*  sinKle  control,  plays  ton  12*  or  twelve  10’ 
records  automatically.  Kejoctsany  record  desirerl, 
or  permits  optional  pinyingr  of  records  manually. 
Only  three  moving  parts  while  chanjrinf;.  Fast  . . . 
chantres  records  in  5  seconds.  Has  self*startinK. 
78  RPM.  110  volt  60  cycle  AC,  heavy  duty  motor. 
Finished  in  two-tone  brown  with  attractive  plastic 
trim.  Requires  only  5'**  head  room  and  fits  any 
cabinet  with  12S* X  16‘4* ehan}{er  area.  Cl  Q  QC 
C22503.  SFFCIAL . '^Iu.33 

TUNER  UNIT  TU-IO-B.  Continuous  fre¬ 
quency  rantre  from  10  MC.  to  12.6  MC.  VFO  oscil¬ 
lator  tonini;  section,  buffer,  oouplintr,  capacitors 
and  choke,  and  buffer  output  matching  tapped  coil 
and  condenst^r.  Size  16H'  Itr.  x  7H*  h.  x  CO  QC 
6H*dei>p.  AS4122.  SPECIAL  .  . 


Television  Service.  Television  As¬ 
sociates,  Inc.,  190  North  State  St., 
Chicago  1,  Ill,  Studio  illumination, 
titles,  gadgets,  kaleidoscopes  and 
various  services  for  the  telecaster 
are  available  from  this  group  that 
strives  to  serve  the  overall  needs 
of  television  programming,  trans¬ 
mission,  and  reception. 


I  Concord  Radio  Corporation 

I  501  W.  Jackswn  BoulavarO,  Dapt.  G-17. 

)  Chicago  7,  Illinois 

T  Please  rush  my  FREE  COPY  of  the  new  Concord 
T  Bulletin  of  Radio  Parts. 


Name, 


Address. 


State 
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LOGARITHMIC  AC  VOLTMETER 
-WIDE  BAND  AMPLIFIER- 


CONTACTS 


No  other  Voltmeter  offers  cdl  these  advantages 
•  Range  .0005  to  500  volts  *  Linear  DB  scale 


•  Frequency  5  CPS  to  2.0  MC  *  Input  2  Megohm  15  MMF 

•  Logarithmic  voltage  scale  •  Accuracy  ±2% 

•  Stability  ±1%  105  to  125  V. 

Ideal  for  Audio,  Supersonics,  Lower  Radio  Frequency  Spectrum. 
Measures  Stage  Gain,  RF  and  IF  Amplifiers  on  Broadcast  Receivers. 

Write  For  Complete  laformation 

Instrument  Electronics 

42-1 7A  Douglaston  Parkway  Douglaston,  L.  I.,  N.  Y. 


INTRODUCING 


MICRO 


BALL  BEARINGS 


RADIAL  AND  PIVOT 

...in  Smallest  Sizes 

The  first  of  their  type  ever  made  in 
the  United  States  by  modern  methods 
of  precision  production. 

Lowest  prices  on  the  industrial  market 
for  a  first-quality  product. 


BEARINGS  SHOWN  TWICE  ACTUAl  SIZE 


PIVOT  BEARINGS 
SIZES-5/32"  to  H"  O.D. 

(also  4mm.  &  5mm.) 
RATINGS-3.4  lbs  to  22  lbs. 
QUANTITY  PRICES-f  rom  16Vic 


RADIAL  BEARINGS 

SIZES-Vs"  to  O.D. 
RATINGS-24  lbs.  to  36  lbs. 
QUANTITY  PRICES-From  64c 


NEW  HAMPSHIRE  BALL  BEARINGS,  Inc. 

5  MAIN  STREET  •  PETERBOROUGH,  NEW  H  A  M  P  S  H  I  R  E  ,  U  S  .  A 


GRAPHAILOY 


BRUSHES 

I 


in  BRUSHES 

for  high  current  density  •  mini¬ 
mum  wear  •  iow  contact  drop  • 
low  electrical  noise  •  self-lubri¬ 
cation 

in  CONTACTS 

for  low  rosistance  •  non-welding 
character 

GRAPHALLOY  works  where  others  wen'tl 
Specify  GRAPHALLOY  with  conMence. 

*A  special  silver- impregnated  graphite 


GRAPHITE  METALLIZING 
CORPORATION 

1055  NEPPERHAN  AVENUE.  YONKERS  3,  NEW  YORK 


Man,  Here’s  Comfort 
for  EARSl 

That’s  right,  mister.  The 
Telex  MONOSET  re-  k 

places  hot,  headache<y,  Ik 

old-style  headphones  ^ 

wherever  comfortable 
hearing  is  needed.  Worn 


MONOSET  eliminates 
head  and  ear  fatigue.  So 
for  outsort  for  ears  (your 
own  or  your  customers) 
specify  Telex  MONOSET. 
Immediate  delivery. 

Weichs  oalr  1.3  oz.  Full)'  adjust¬ 
able  to  all  head  sizes.  Ruaged  Ten- 
ite  construction.  Removable  plastic 
ear  tips.  FrMuency  response:  50  to 
3,000  C.P.S.  Maximum  sound  pres¬ 
sure  output:  300  to  400  dyns  per 
sq.  cent.  Available  in  two  imped¬ 
ances:  128  and  2,000  obms. 


HOVANCE  ULIIIA  EN  IllVr  O.C.  RELAYS 


Complete  with  light  plastic 


USERS:  Electrical  transcrib¬ 
ing  machines.  Program  dis- 
trmution  systems.  Commer¬ 
cial  aircraft  operations.  RR 
inter-communication  sys¬ 
tems.  Laboratory  testing 
equipment.  Wired  music 
systems.  Radio  station  oper¬ 
ations.  Radio  “hams”  and 
engineers. 


WriM  to  Department  H  for  information 
and  quolatiom. 

"Hearing  At  Its  Best" 


'  *  '  ■ 


TELEXinc 

ELECTRO-ACOUSTIC  DIVISION 
Minneapolis,  Minn. 


Tamperatura  coafficiant  lass 
than  2  cyclat  par  magacycle 
par  dagraa  cantigrada.  Call- 
bratad  within  .005  par  cant  of 
fraquancy.  Gatkat  taalad,  con- 
ta’mination  and  moisture  free. 
Octal  mounting.  Weighs  lass 
than  %  ounca. 


PR  CRYSTALS 
for  AIRCRAFT 

3105  KGs  and 
6210  KGs 


Type  Z-l  PR  RADIO  CRYSTALS  are  ideal 
for  conversion  of  military  aircraft  transmit¬ 
ters  to  civilian  .frequencies.  Frequencies  of 
3105  and  6210  KCs.  are  IN  STOCK  AT 
YOUR  NEAREST  JOBBER.  They  meet 
FCC  and  CAC  requirements  fully.  Preci¬ 
sion  made  for  utmost  in  stability,  depend¬ 
ability,  high  activity,  trouble-free  operation 
and  lovy  drift.  Unconditionally  guaranteed. 


^  214  TO  S  MILLIWATT  OPIRAT10N  ' 
^  2S%  TO  15%  DIFFIftINTIAL 
COVUt  Moulded  Plastic,  Cellulose 
Acetate,  Clear,  Tough  Single  Screw 
Attachment  •  No  dust  or  dirt  on 
contacts  •  No  accidental  opera¬ 
tion  •  No  short  circuits  •  Instant 
visual  inspection  •  Low  mainte¬ 
nance  of  contact  adjustment  ! 

tASli  Moulded  black  BAKELITE  • 
Good  mechanical  strength  •  High  | 

dielectric  strength  and  insulation 
•  Negligible  water  absorption  • 
Compactness  and  line  appearance 
OPIRATING  POWMi  5  Milliwatts  for 
positive  operation  •  2)^  Milli- 
wans  with  careful  adjustment  and 
light  contact  loads 
MAGNniC  CIRCUITi  Armature  and 
pole  of  Nickel-Iron  alloy.  Hydro-  j 
gen  annealed  for  high  permeabil-  i 
ity  and  low  retentivity  •  High  , 
overall  sensitivity  •  Small  make-  | 

break  coil  current  differential— 

(  2  5%  to  1 5%  less  current  to  break 
than  to  make)  j 

ARMATURIt  Counterbalanced  •  Pre¬ 
vents  action  of  relay  due  to  mod-  j 

erate  vibration  •  Allows  opera-  | 

tion  in  any  position  I 

SINSITIVITY  ADJUSTMINTi  Vernier  ’ 

screw  for  coil  spring  tension  on 
armature  •  Accuracy  •  Permanent 
setting,  easily  changed 
CONTACTSi  Pure  Silver  (palladium, 
platinum  or  other  specified  ma¬ 
terials  at  extra  cost)  •  Single  pole, 
double  throw  •  1  ampere  on  1 10 
volt  A.C.,  non-inductive  load  • 
Screwdriver  adjustment 
COILi  Standard  resistance  from  1 
ohm  to  1 0,000  ohms,  up  to  30,000 
ohms  at  small  extra  cost  •  Cellu¬ 
lose  acetate  insulation  •  Varnish 
vacuum  impregnation 
TIRMINALSs  Solder  lugs  and  screws, 
recessed  on  bottom  of  base,  ac¬ 
cessible  through  panel  or  through 
knockouts  on  side  of  base 
MOUNTING!  Surface  mounting,  any 
position,  fastens  with  two  No.  6 
screws 

SlZb  2'  X  2-9/16'  X  I'/i'  high 
WIIGHTi  6V4  ounces 
RRICIi  Moderate 

Write  for  quotations  and  catalogs 
on  the  Advance  Type  1200  Ultra 
Sensitive  D.  C.  Relay  and  other 
Advance  Relays 

Mdvance^e/ays 


•  TUI*  NOT  THIS 


ADVANCE 
ElECTRIC  &  RELAY  CO. 

1260  West  2nd  Street 


PeitftseN  Rt^dio  Companv 


ZZOO  WIST  tROADWAT - TIIIAMOMI  27*0 

Council  Bluffs,  louue 


Los  Angeles  26,  Calif.,  U.  S.  A. 

Phone  MIchTgon  9331 
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ASBESTOS  COVERED 


WIRE  AND  CABLE 


MANUFACTURERS 


SPECIALIZATION 

Mold  Ha  Iren  eorot  are  produced 
by  ipoclallitt  enpaied  exelu* 
sivoly  In  the  manufacturinp  of 
Iron  core*.  A  complete  line  of 
mapnotie  iron  corae.  For  uea 
at  all  freauanclet  ineludinp 
television  and  FM  is  now 
available. 

ENGINEERING 

It  is  a  simple  matter  for 
Moidito  enpinoars  to  lit  the 
ripht  core  to  your  particular 
coil  for  the  best  results. 
Moldite  enpineers  am  thor- 
ouphly  familiar  with  every 
iron  cere  application  and  will 
be  plad  to  assist  you  in  detar* 
mininp  whieh  of  these  com¬ 
ponents  can  best  satisfy  your 
requirements. 

PRODUCTION 

With  our  vastly  expanded  pro¬ 
duction  facilities,  we  are  in 
the  position  to  meet  your 
urpent  iron  core  roqulrements. 
Quality,  economy  and  depend¬ 
ability  are  assured. 

SAMPLES 

Moldite  sample  iron  cores  will 
bo  submitted  for  desipn,  tost 
and  pro-production  purposes 
upon  rsceiat  of  your  request. 
Usa  Moldite  material  prada 
desipnations  to  insure  prompt 
and  exact  duplication  of  the 
required  cores.  S  p  o  e  I  f  y 
“MOLDITE"  for  "QUAL¬ 
ITY.” 


.Vmerican  Steel  &  Wire  Co.,  Rockefeller 
Bldg.,  Cleveland,  Ohio 

Collyer  Insulated  Wire  Co.,  245  Roosevelt 
Ave.,  Pawtucket,  R.  I. 

Kockbestos  Products  Corp.,  313  Nicoll  St, 
New  Haven  4,  Conn. 


ASBESTOS  COVERED  WIRE 


Accurate  Insulated  Wire  Corp.,  25  Fox 
St.,  New  Haven  1,  Conn. 

American  Steel  &  Wire  Co.,  Rockefeller 
Bldg.,  Cleveland,  Ohio 

Anaconda  Wire  &  Cable  Co.,  25  Broadway, 
New  York  4,  N.  Y. 

Austin  Co.,  M.  B.,  108-116  S.  Desplaines 
St,  Chicago  6,  Ill. 

Boston  Insulated  Wire  &  Cable  Co.,  65  Bay 
St,  (Dorchester),  Boston  25,  Mass. 

Collyer  Insulated  Wire  Co.,  245  Roosevelt 
Ave.,  Pawtucket,  R.  I. 

Diamond  Wire  &  Cable  Co.,  128  E.  16th 
St.,  Chicago  Heights,  111. 

General  Cable  Corp.,  420  Lexington  Ave., 
New  York,  N.  Y. 


General  Electric  Co.,  Appliance  &  Mer¬ 
chandise  Dept.,  Bridgeport,  Conn. 

Habirshaw  Cable  &  Wire  Div.,  Phelps 
Dodge  Copper  Prod.  Corp.,  40  Wall  St., 
New  York,  N.  Y. 

Hatfield  Wire  &  Cable  Co.,  487  Hillside 
Ave.,  Hillside,  N.  J. 


cQUtNCf 


Hatheway  &  Co.,  75  Montgomery  St., 
Jersey  City,  N.  J.  (Sole  distributors  for 
Clifton  Conduit  Co.  same  address) 

Okonite  Co.,  Canal  St.,  Passaic,  N.  J. 

Rhode  Island  Insulated  Wire  Co.,  Provi¬ 
dence  7,  R.  1. 

Rockbestos  Products  Co.,  313  Nicoll  St., 
New  Haven  4,  Conn. 


Roebling’s  Sons  Co.,  John  A.,  Trenton  2, 
N.  J. 


Rome  Cable  Corp.,  330  Ridge  St,  Rome, 


Western  Insulated  Wire  Co.,  1151  S. 
Broadway,  Los  Angeles  15,  C!al. 

Westinghouse  Electric  Supply  Co..  Box  25, 
Wall  St.  Station,  New  York  5,  N,  T. 
( Distributors) 


IH  itNCm 


piRMiAWtrrf 
rtlOOlNCf  i 


AFFtOWMAn 


ASBESTOS  COVERED  MAGNET  WIRE 


American  Steel  &  Wire  Co.,  Rockefeller 
Bldg.,  Cleveland,  Ohio 

General  Cable  Corp.,  420  Lexington  Ave., 
New  York,  N.  Y. 

General  Electric  Co.,  .Appliance  and  Mer¬ 
chandise  Dept.,  Bridgeport,  Conn. 

Rockbestos  Products  Corp.,  313  Nicoll  St., 
New  Haven  4,  Conn. 

Roebllng's  Sons  Co.,  John  A.,  Trenton  2, 


iinie  Cable  Corp.,  330  Ridge  St..  Rome, 


WESTERN  STATES:  J.  J.  Purimuth  Asteciates,  942  Maple  Aveiroe,  Let  Aiifelet  15.  Coltferiiia 
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NEWS  OF  THE  INDUSTRY 

Edited  by  JOHN  MARKUS 

Beginnings  of  citizens’  radio;  new  atomic  lab; 
list  of  libraries  getting  OSRD  reports;  world 
telecommunications  meeting;  business  news 

New  Production  Record  for  Radio  Receiving  Sets 


A  TOTAL  PRODUCTION  of  1,670,444 
radio  receiving  sets  was  reported 
by  RMA  member-conipanies  for 
October,  setting  an  all-time  high 
for  monthly  output.  Receivers  with 
f-m  facilities  likewise  attained  a 
new  high  of  23,793  sets,  but  the  out¬ 
put  of  television  receivers  slumped 
to  827  after  its  record  of  3,242  sets 
for  September.  Radio-phonograph 
consoles  continue  to  rise,  reaching 
nearly  125,000  in  October  and 
thereby  exceeding  the  prewar  rate 
for  this  type  of  receiver.  Other 


October  breakdown  figures  from 
RMA  are  1,128,616  for  table  models 
(not  including  battery  sets),  153,- 
800  for  portables,  and  170,000  for 
auto  radios.  The  CPA  estimate  for 
October  is  1,800,000  sets. 

Citizens’  Radio 

To  ESTABLISH  technical  require¬ 
ments  for  equipment  to  be  u.sed  in 
the  frequency  band  460-470  me  al¬ 
located  to  the  Citizens’  Radiocom¬ 
munication  Service,  the  FCC  has 


prepared  for  manufacturers  and 
other  interested  groups  a  prelimi¬ 
nary  proposal  intended  to  organize 
discussion  and  comment.  Final  spe¬ 
cifications  will  be  issued  sometime 
after  the  Dec.  31,  1946  deadline  for 
comments  on  the  proposals. 

The  Commission  propo8<“3  to  as¬ 
sign  no  communication  channels 
within  the  band,  intends  to  keep  to 
a  minimum  its  rules  and  regula¬ 
tions  governing  the  service,  and 
will  rely  upon  the  10,000-kc  width 
of  the  band  to  provide  reasonably 
interference-free  operation  in  most 
parts  of  the  United  States. 

To  encourage  use  of  better-class 
equipment  while  recognizing  the  re¬ 
lation  between  cost  and  frequency 
stability,  the  Commission  proposes 
to  license  two  types  of  stations : 

CluKS  A  stations — permissible  freqiieiu-y 
lolwanee  of  0.02  percent 

Class  B  stations- -peniiisslble  frequency 
tolerance  of  0.2  percent,  with  transmitters 
initially  adjusted  by  tlie  manufacturer  to 
operate  within  0.2  percent  of  the  ceiiter- 
'liinl  fre«piency  40.">  me;  sui»sequent  devia¬ 
tion  from  this  adjustment  in  actual  service 
would  Ih*  permitted  provided  the  endssion 
Is  (onlined  wittiin  the  siil)  liand  4(>2-l<>8  me 

To  reduce  interference  encount¬ 
ered  by  those  who  can  afford  the 


19.46-47  RMA  BOARD  OF  DIRECTORS 


C  A.  HmcImiIm  /  f. 


J.  i.  S«n  AArimi 

Vi«« 


Ll«y4i  H. 


A, 


A.  S.  W«H« 


Cont  Merbrrf  A  SrM  W,  J.  turiilev  6  W. 


W  r.  HjfUard  Gcov^c  K.  Huk 


Directors  of  Radio  Manufacturers  Association  for  1946  and  1947.  Headquarters  are  at  1317  F  St.  NW.  Washington  4,  D.  C. 
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INDUCTOR 

HEADQUARTERS 


BARKER  & 
WILLIAMSON 


NEWS  OF  THE  INDUSTRY 


(contlnitad) 


more  costly  class  A  transmitters, 
it  is  planned  to  divide  the  available 
band  as  follows : 

460-462  nir — class  A  slatidns  al 
locations  exclusively 

•  462-468  me — class  A  and  class  B  stations 

468-470  me — class  A  stations  exclusively 

Transmitter  type-approval  tests 
by  the  Commission  would  be  made 
to  determine  ability  to  operate 
within  the  allocated  band  under  all 
practical  service  conditions,  to 
check  maximum  permissible  power 
input,  possible  presence  of  super¬ 
fluous  emissions,  and  width  of  com¬ 
munication  band.  Since  existing 
regulatiorrs  specify  that  all  radio 
stations  must  use  the  minimum 
amount  of  power  necessary  to 
carry  out  the  communication  de¬ 
sired,  highly  directive  or  beam  an¬ 
tennas  will  be  permitted  on  the 
premise  that  licensees  will  be  cog¬ 
nizant  of  the  statutory  limitation 
on  power. 

All  conventional  types  of  emis¬ 
sion  are  proposed  to  be  authorized 
except  A-5  (television),  and  even 
that  would  be  authorized  if  a  satis¬ 
factory  showing  is  made  as  to  the 
purpose  to  be  served.  It  is  believed 
that  a  maximum  communication 
band  of  0.2  me  will  provide  for  all 
useful  types  of  emission. 

Transmitting  equipment  shall  be 
inherently  incapable  of  operating  at 
a  power  input  of  more  than  50 
watts  to  the  anode  circuit  of  the 
tube  or  tubes  supplying  energy  to 
the  radiating  system.  Either  a-m 
or  f-m  emissions  would  be  permit¬ 
ted,  with  the  percentage  ®f  modula¬ 
tion  not  exceeding  lOO  at  any  time 
for  a-m.  Tests  for  frequency  stabil¬ 
ity  would  be  made  under  any  or  all 
of  the  following  test  conditions : 

(1)  Gradual  and  audden  ambient  tem¬ 
perature  variations  from  0  to  15U  F. 

(2)  Barometric  pressure  variations  cor¬ 
responding  to  those  from  sea  level  to  12,000 
feet  above  sea  level. 

(3)  Relative  ambient  humidity  from  5 
to  !»5  percent. 

(4)  Atmosphere  containing  high  saline 
content  such  as  encountered  on  oceans. 

(5)  Movement  of  objects  in  the  immedi¬ 
ate  vicinity  of  the  equipment  under  test. 

(6)  Power  supply  voltage  variations 
normally  to  be  encountered  under  actual 
operating  conditions. 

(7)  Length  of  test  periods  to  be  equiva¬ 
lent  to  those  which  will  be  encountered 
under  the  most  severe  conditions  of  opera¬ 
tion  for  which  the  unit  may  be  used. 


MEASUREMENTS 

CORPORATION 


U.  H.  F.  RADIO  NOISE  and 
FIELD  STRENGTH  METER 

Model  58 

FREQUENCY  RANGE:  15  to  150  me.  Push¬ 
button  switching  for  rapid,  accurate  measure¬ 
ment  of  noise  levels  or  field  strength. 


JL  lug-in  Lype 

AIR-WOUND 

INDUCTORS 


SQUARE  WAVE 
GENERATOR  Model  71 

FREQUENCY  RANGE:  5  to  100,000  cycles. 
WAVE  SHAPE:  Rise  time  less  than  0.2  micro¬ 
seconds. 

OUTPUT  VOLTAGE:  75, 50, 25, 15, 10, 5  peak 
volts  fixed;  0-2.5  volts  continuously  variable. 


No  Other  type  of  coil  can  equal  B  &  W 
AIR  Inductors  for  all-around  efficiency. 
AIR  WOUND  Inductors  are  lighter, 
easier  to  tap,  wound  to  uniform  pitch, 
have  exceptionally  low  dielectric  loss 
(no  winding  form  in  coil  field)  and  are 
extremely  durable.  There  is  little  about 
them  to  break  if  dropped.  Even  if  bent 
completely  out  of  shape,  they  can  easily 
be  repaired.  B  &  W 
types  include  stand- 
ard,  fixed  and  swing-  / 
ing  link  assemblies  f 
in  sizes  and  ratings  I  , 
for  almost  any  ap- 
plication.  Write  for  q 


HkHUf  ACTUKRS  OF 

PulM  fieMtaton 
m  signal  Ganaritors 
S:„MtTli«a 

VaciminTnhaVoltinattrs 

Strangth  Hatars 
CapwKy  Brtfl»as 
Magahm  Hatars 
Phasa  Saquanca  Indteato 
Tsiavltlon  and  FH  Tast 
Equlpmant 


Catalog 


ruquatt 


MEASUREMENTS 

CORPORATION 

SOONTON  NEW  JERSEY 


New  Atomic  Power 
Laboratory 

The  fourth  in  a  projected  nation 
wide  chain  of  nuclear  physics  re 


Dapt.  E-17,  235  Foirflald  Avanw* 
Uppar  Darby,  Panna. 
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Setten. 

ATLAS  SOUND 

LEquipmenl 
^  YOU 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  .  JERSEY  CITY  7.  N.J. 


C  Vy  \  Precision  ' 

A  P^rts to 

i  your  prints 

FABRICATIONS 

_  _  I 

Ck  ^  phenol  and 

vulcanized 

V  ^  fibre- 

PUNCHED 
STAMPED 
SHAVED 
SAWED 
DRILLED 
MILLED 
TAPPED 
THREADED 


DOUBLE  REENTRANT 
PROJECTOR 


Many  siies.  From  15  in. 
air  column  to  6  foot  air 
column. 


360  RADIAL, 
CHANDELIER 
PROJECTORS 


Double  Reentrant.  For 
driver  units.  3  and  4 
foot  air  column  lengths. 


Rapid,  quality  production  of  phenol  fibre  and 
vulcanized  fibre  parts — either  simple  compo¬ 
nents  or  intricate  shapes  to  close  tolerances — 
can  be  supplied  to  your  exact  specifications; 
For  details,  write  for  descriptive  Bulletin  120 


•  Various  Power  Handling 
‘  Capacities.  Newest 

[types  of  Indestructible 
Phenolic  Diaphragms. 


MINIATURE  TYPE 
REENTRANT 
PROJECTORS— 


7-1 1  MONTGOMERY  ST.  •  *  HILLSIDE  N.  J 


BOOSTER  SPEAKERS. 
High-efRciency,  Weath¬ 
er-proof.  Complete 
with  Driver  Unit  and 
Universal  Bracket. 


MIDGET 

TYPE 

600 


CONE  TYPE 
PARABOLICS  and 
CHANDELIER  RAFFLES 


for  all  size  cone  speak¬ 
ers.  Wooden  and  Metal 
Cone  Speaker  Enclos¬ 
ures,  BafBes,  Carrying 
Cases,  Loud  Speaker 
Support  Stonds  and 
Brackets. 


MICROPHONE 
SUPPORT  STANDS 

20  types  and  sizes.  All 
Fittings,  Adaptors  and 
Accessories.  Floor 
Stands,  Desk  Stands, 
Banquet  Stands,  Room 
Stands. 


STANDARD 


CORPORATION 

1449  39th  St.,  Brooklyn  18.  N.  Y 
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SPECIALIZED 

PAPER 


SUPREME 


NEWS  OP  THE  INDUSTRY 


(continued) 


search  laboratories  in  the  United 
States — a  $20,000,000  institution 
to  specialize  in  all  phases  of  atomic 
power  development— is  to  be  built 
and  operated  for  the  government  at 
Schenectady,  N.  Y.,  by  General 
Electric  Co. 

The  laboratory,  to  be  designated 
the  Knolls  Atomic  Power  Labor¬ 
atory,  will  be  built  around  an 
atomic  power  pile  of  unstated  size 
— second  such  projected  uranium 
pile  ever  built  primarily  for  creat¬ 
ing  atomic  energy  for  peaceful  ap¬ 
plications.  The  other  is  to  be  at 
Oak  Ridge,  Tenn.,  where  the  world’s 
first  operating  atomic-fueled  power 
plant  is  to  be  set  up.  Dr.  C.  G. 
Suits,  G-E  vice  president  and  di¬ 
rector  of  research,  will  have  gen¬ 
eral  supervision  of  the  Government 
laboratory  and  the  nuclear  study 
program.  Responsibility  for  the 
atomic  power  pile  has  been  assigned 
to  Dr.  Kenneth  H.  Kingdon,  G-E 
physicist  who  was  one  of  the  early 
researchers  in  isolating  U235. 


Any  craftsman  distinguishes  him- 
by  the  appearance  of  his  tools 
and  equipment.  For  19  years 
SUPREME  eouipment  has  identi¬ 
fied  thousands  of  successful  radio 
service  engineers.  SUPREME 
equipped  repair  shops  distin¬ 
guish  themselves  for  their  pro¬ 
fessional  appearance,  dependa¬ 
bility,  and  profitable  operation. 

One  among  the  complete 
group  of  SUPREME  radio  testers 
is  the  Model  504B  Tube  and  Set 
Tester. 

•  METER—  Idrg*  4.inch  $quar*-fac«  mt* 
t«r,  SOO  microampere. 

•  SPEED —  push'button  operated. 

•  PLEXIBLE—  simple,  yet  Universal 
Floating  Filaments  feature  insures  against 
obsolesence. 

•  SIMPLICITY—  roll  chart  carries  full 
data  for  tube  setting.  No  roaming  test  i 
leads  when  using  mulli>meter— only  push 

a  button. 

SPECIFICATIONS 

DC  VOLTS  —  1000  Ohms  per  volt:  0-5-25- 
1 00-250-500- 1000-2500. 

AC  VOLTS  —  O-5-IO-SO-250-I0OO. 

OUTPUT  VOLTS.  0-5-10-50-250-1000. 
OHMIvlETER.  0-200-2000-20.000  Ohms 
0-2-20  Megohms 
Condenser  Check: 

Electrolytics  checked  on  English  reading 
Scale  at  rated  voltages  of  25-SO- 1 00-200- 
250-300-450  volts. 

Battery  Test: 

Check  dry  portable  "A"  and  "B"  bat¬ 
teries  under  load. 


Libraries  Get  OSRD  Reports 

Nearly  2.5  million  copies  of  over 
35,000  different  scientific  reports 
covering  declassified  war  research 
projects  of  the  Office  of  Scientific 
Research  and  Development  are  now 
being  processed  by  the  Library  of 
Congress  in  preparation  for  distri¬ 
bution  to  leading  libraries  through¬ 
out  the  country  where  they  will  be 
readily  available  to  the  public.  Li¬ 
braries  scheduled  to  receive  the  un¬ 
restricted  reports  are  as  follows: 
Brown  University  Library,  Car¬ 
negie  Library  of  Pittsburgh,  Case 
School  of  Applied  Science,  Cleve¬ 
land  Public  Library,  Columbia  Uni¬ 
versity,  Cornell  University  Library, 
Detroit  Public  Library,  Duke  Uni¬ 
versity  Library,  Engineering  So¬ 
cieties  Library  of  the  United  Engi¬ 
neering  Trustees,  Inc.,  Georgia 
Institute  of  Technology,  Harvard 
University  Library,  Illinois  Insti¬ 
tute  of  Technology,  Iowa  State  Col¬ 
lege  of  Agriculture  and  Mechanic 
Arts  Library,  John  Crerar  Library 
in  Chicago,  Johns  Hopkins  Uni¬ 
versity,  Louisiana  State  University, 
Massachusetts  Institute  of  Tech¬ 
nology,  New  York  Public  Library, 
Northwestern  University,  Ohio 
State  University  Library,  Prince¬ 
ton  University,  Purdue  University 


A  variety  of  troatmonts  to  moot 
•vory  wire  and  cable  wrapping  re¬ 
quirement  —  includes  crepeing  for 
pliability;  superior  strength;  cor¬ 
rosion  resistonce;  weather  proofing 
and  special  attention  to  uniformity 
for  production  winding. 

let  us  help  you  find  the  most 
efficient  and  economical  Electrical 
Paper  for  your  purpose  —  send  us 
your  requirements. 


Contains  data 
on  Electrical 
Paper  proper¬ 
ties  and  a 
wide  variety 
of  samples. 


SUPREME  INSTRUMENTS  CORP, 
GREENWOOD,  MISS. 
U,  S,  A. 


CENTRAL  PAPER  COMPANY 

INCOCFORArSO 
2442UKaHO>E  DRIVE.  MDSKECOK  MICH 


"SUPREME  BY 
COMPARISON  ‘ 


)CTON.  NEW  TOM.  BAlTtMOEI.  MOCNESm,  C11YTUIN0.  \ 
DfttOIT,  CNKAOO,  SI.  lOUIS.  SAN  PRAMCIKO  \ 


See  the  complete  SUPREME  line. 
Write  for  new  SUPREME  catalogue 
No.  446. 
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NEW  SOLDERING  GUN 


aMT.Ct-V<OUH0)^ 


SPECIAL  SOLDERING  GUN 


Service  and  mainienance  men 
can  save  time  by  the  fast  heat 
ing  of  the  Soldering  Gun.  By  use 

of  the  new  induction  principle,  5  second  :■ 

soldering  heat  is  supplied  from  a  light  weight 
built-in  transformer. 

The  loop  type  tip  gives  you  other  advantages  that  are  im¬ 
portant  in  soldering.  Good  balance  with  weight  close  to 
your  hand  makes  it  easier  to  use.  The  narrow  tip  gets  in 
between  a  lot  of  wiring  with  ease.  Connections  can  be 
made  without  burning  insulation.  The  tip  can  be  formed 
readily  to  work  in  tight  places. 

See  your  radio  parts  distributor  for  a  demonstration,  oi 
write  direct  for  descriptive  bulletin. 


ADVANTAGES 


nr  nAvs  nNNio 

NO  BURNIN6 


★  100  Watts  115  Volts  60  Cycins 

★  Intormittent  Oparation  With  Triggnr  Switch 
'A  Can't  Ovorhoat  or  Burn  Out 

A  Impact  Rosisting  Caso 
A  Handlo  Stays  Cool 
A  Good  Balanco— Woight  Closo  To  Hand 
806  PACKER  STREET 


c. 

’.onn 


Up  to  four  lattice-type  coils  of  like  specifi¬ 
cations  are  priHliiceti  at  the  same  time  on  the 
No.  Kt  Universal  Coil  Winding  Machine. 
Two  machines  can  often  be  assigned  to  a 
single  operator. 

The  higher  rate  of  production  .  .  .  plus 
other  advantages  listed  below  .  .  .  makes  the 
No.  K4  ideal  for  a  ^eat  vsu-iety  of  cross- 
wound  coils. 

ACr.l'R  A(TY.  Quickly-adjustable“gainer” 
mechanism  ar’curately  plarvs  wire  turns 
(spaced  o^  close-wound).  “Veeder”  Pre- 
Del  ermining  Counter. 

C.ONVENfENCE.  Strap-type  tensions 
facilitate  handling.  In-built  calibration. 
Quick-adjusting  w  ire  guide  holders. 

PRODUCTION.  Winding  sp«*«*d,  dOO-TiiO 
rpm.  Wires  as  fine  as  No.  46  unrolled  with¬ 
out  breakage. 

DURABILITY.  Many  No.  84  machines 
now  operating  have 
beim  in  service  20  years  ^  j 

Write  for  Bulletin  84.  / 

Universal  Winding 
0>.,  P.  O.  Box  1605, 

Providence  1,  R.  1. 

For  Winding  Coils 
in  Quantity  Automatically, 
Accurately —  Use  .  .  . 


UNIVERSAL 

WINDING  MACHINES 


WELLER  MFG.  CO.  •  Easton,  Pa. 


Export  Dept.— 86  Warren  Street,  New  York  7,  N.  T. 

In  Cenade— Atlne  Badio  Corp.,  Ltd.,  560  King  Street  N.  W.,  Toronto,  Ont, 


STANDARD  ELECTRONIC  VOLT¬ 
METER  MODEL  VM-27A 

RANGE:  0.1  to  100  TOlt.s  in  flve  raniit-.s  a  r 
a.i<l  <1-r.  M.  3.  10  and  lOU  inits  mil  sial-.l 

ACCURACY:  2  perevm  of  full  .M-ale  on  all 
laIlKt'^,  im  siniiMiidal  lullaar!,. 

CALIBRATION:  Caliliiatnl  to  rrad  O.TIIT  of 
pt'ak  on  a-c  voltage,  henee  i.iii.s.  of  a  slnu- 
.soldal  Mare. 

FREQUENCY  RANGE:  2  cyi'les  to  over  ino 
megac-yrlea  with  full  arcuraoy  from  50  cyele'i 
to  .'iO  megacycles. 

INPUT  IMPEDANCE:  d-c  input  7  megohm.s. 
a-c  Input  4  megohms  at  audio  freiiuencles 
and  at  radio  frequenclee  equivalent  to  a 
capacity  of  5  micro-microfarads  haring  a 
power  factor  of  0.5  percent. 

POWER  SUPPLY:  105  to  125  volU  5U-6II 
cTcIea  at  30  watts. 

TUBES:  one  6H6  in  probe,  two  matched 
6J5GT  and  one  6X50T  rectifier. 

DIMENSIONS:  8x8x8,  probe  2  Inches  diam¬ 
eter  by  4  Inches  long. 

WEIGHT:  11  lbs.  less  probe. 

PRICE:  $150.00  net.  F.O.B.  Flushing.  X.  Y. 
MODEL  VM-27-ZC 

Same  as  Model  VM-27A.  but  with  means  for 
setting  meter  to  mid-scale  on  d-c. 

PRICE:  $155.00  net,  F.O.B.  Flushing.  N.  Y. 

WRITE  EOR  DESCRIPTIVE  BULLETINS 


Permanent  accuracy,  high  stability  and  im¬ 

pedance  inputl  Tou  get  all  three  with  each 
of  these  three  vedtmeters.  Suitable  for 

laboratory,  test  beech  or  production  linel 
Each  has  a  frequency  and  voltage  range 
odaptoble  to  your  particular  needs  .  .  . 

sturdy  construction;  easy-to-read  meter  scales' 

HIGH  FREQUENCY  ELECTRONIC 
_  VOLTMETER  MODEL  32 

RANGE:  0.3  to  ;!00  volts  r-f  in  flve  ranges  (3 
10.  .'iO.  100  and  300  volts  full  .scale). 
ACCURACY:  5  per  cent  of  full  scale  on  all 
,J.  ranges,  on  sinusoidal  voltages. 

FREQUENCY  RANGE:  500  kilocycles  to  500 
megacyeles. 

a  0  INPUT  IMPEDANCE:  0.5  to  1  miero-mlcro- 
I,.  I  farad  at  a  g  of  about  200. 

all  POWER  SUPPLY:  115  rolts  60  cycles  at  30 
watts. 

of  TUBES:  One  6.VL5  in  probe,  two  matched 
im-  til.stJT  and  one  ex.sOT  rectifier. 

DIMENSIONS:  5Hx9Hx»H. 
ino  WEIGHT:  8  lbs. 

PRICE:  $99.50  F.O.B  Flushing.  N.  Y.  (net) 


HIGH  VOLTAGE  ELECTRONIC 

_ VOLTMETER  MODEL  31  _ 

CANGE:  10  to  111, into  volts  r-f  in  five  ranges 
100.  300.  KHIO.  3000  and  10.000  volts  full 
scale). 

ACCURACY:  5  percent  of  full  scale  on  all 
ranges,  on  sinusoidal  voltages. 

FREQUENCY  RANGE:  KM)  kilocycles  to  100 
megacyeles. 

INPUT  IMPEDANCE:  Approximately  1  micro- 
microfarad  at  a  g  of  over  500. 

POWER  SUPPLY:  115  volts  60  cycles  at  30 
watts. 

TUBES:  One  6AL.':  in  probe,  two  matched 
6J50T  and  one  6X50T  rectifier. 

DIMENSIONS:  5%x9>4x9^. 

WEIGHT:  8  lbs  . 

PRICE:  $99.50  net.  F.O.B.  Flushing.  N.  T. 


...  _  . a  a  mawn  a  34-06  FRANCIS  LEWIS  BLVD. 

ALFRED  W.  BARBER  LABORATORIES  ^  flushing  •  new  york 


BUD  RADIO,  INC 


NEWS  OF  THE  INDUSTRY 


Library,  Stanford  University  Li¬ 
braries,  University  of  California 
Library,  University  of  Chicago, 
University  of  Cincinnati  Libraries, 
University  of  Denver,  University  of 
Illinois  Library,  University  of  Kan¬ 
sas  Library,  University  of  Michi¬ 
gan  Library,  University  of  Min¬ 
nesota  Library,  University  of 
Missouri  General  Library,  Univer¬ 
sity  of  Nebraska  Libraries,  Uni¬ 
versity  of  New  Mexico  Library, 
University  of  North  Carolina  Li¬ 
brary,  University  of  Pennsylvania, 
University  of  Rochester,  University 
of  Texas  Library,  University  of 
Virginia,  University  of  Washing¬ 
ton  Library,  University  of  Wiscon¬ 
sin  Libraries,  Washington  Univer¬ 
sity  Libraries,  and  Yale  University 
Library. 

Four  permanent  and  complete 
collections  of  all  reports  have  been 
assembled  by  OSRD.  One  will  be 
sent  to  the  National  Archives,  two 
will  be  reserved  for  the  successor 
agency  to  OSRD,  and  the  fourth 
will  eventually  go  to  the  Library  of 
Congress.  The  Army  and  Navy  al¬ 
ready  have  relatively  complete  sets. 


A  chassis  is  the  basic  port  oi 
any  built  up  unit  whether  it  is  a 
transmitter,  receiver,  tester,  or 
any  other  piece  oi  apparatus  in 
the  fields  of  radio  and  elec¬ 
tronic  equipment.  BUD  chassis 
hove,  for  years,  been  character¬ 
ised  by  Beauty,  Utility  and  De¬ 
pendability.  The  sturdiest  con¬ 
struction  in  16,  18  and  20  gauge 
steel  is  found  in  the  BUD 
chassis  line. 


World  Telecommunications 
Meeting 

At  the  Moscow  Telecommunica¬ 
tions  Conference  in  September 
1945,  informal  preliminary  discus¬ 
sions  by  the  five  represented  pow¬ 
ers —  United  States,  U.S.S.R., 
United  Kingdom,  France,  and  China 
—set  the  stage  for  a  World  Tele¬ 
communications  Meeting  beginning 
July  1,  1947.  At  that  time  the 
Telecommunications  Convention  of 
Madrid  will  be  revised  to  provide 
for  an  entirely  new  structure  of 
the  International  Telecommunica¬ 
tions  Union.  It  was  agreed  that 
the  ITU  should  be  affiliated  with 
the  United  Nations  Organization 
as  a  specialized  agency. 

Unanimous  agreement  was  also 
achieved  on  a  plan  for  setting  up  a 
Central  Frequency  Registration 
Board  comprising  five  impartial 
and  competent  radio  engineers,  who 
would  examine  applications  for  new 
frequencies  and  determine  whether 
the  proposed  station  would  cause 
interference  with  existing  stations 
anywhere  in  the  world.  If  it  did  not. 


All  of  the  standard  sizes  ore 
found  in  the  BUD  catalog  and 
ore  now  on  the  way  to  your 
local  distributor.  See  your  local 
distributor  and  ask  him  to  show 
you  the  complete  BUD  sheet 
metal  line  of  chassis,  cabinets, 
speaker  cases,  relay  racks,  etc. 


BUD  Can  Supply 
All  Your  Needs!  , 


.  .  .  with  the  latest  types  of 
equipment  including:  condens¬ 
ers,  chokes,  coils,  insulators, 
plugs,  jacks,  switches,  dials, 
test  leads,  jewel  lights,  and  a 
complete  line  of  ultra-modem 
cabinets  and  chassis. 


PHOTO  ELECTRIC 
CELLS 


BRADLEY 

LABORATORIES,  INC 


82  Meadow  St.  New  Haven  10,  Conn 


Turn  Light  Into  Current 


Bradley’s  Luxtron*  photo¬ 
cells  convert  light  into  elec¬ 
trical  current.  No  addi¬ 
tional  source  of  voltage  is 
required.  Light-actuated 
Bradley  cells  provide  con¬ 
trol  devices  that  give  the 
longest  life  and  need  the 
least  maintenance. 

In  addition  to  the  housed 
model  shown,  with  its 
plug-in  contacts,  Bradley 
also  offers  tube  socket,  nut- 
and-bolt  types  and  pigtail 
contact  mountings. 

The  shapes  of  Luxtron 
photocells  vary  from  circles 
to  squares,  with  etery  in- 
between  shape  desired. 
Their  sizes  range  from  very 
small  to  the  largest  re¬ 
quired. 

•T.  M.  Reg.  U.  S.  P«t.  Off. 


Illustrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
a  tine  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 
Line." 
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with  Radio  Engineering  Show  at 
r?rand  Central  Palace. 

March  22-27;  Western  Metal 
Congress  and  Exposition;  Oakland 
Civic  Auditorium,  Oakland,  'Cali¬ 
fornia. 

March  31-April  2;  Midwest  Power 
Conference;  Palmer  House,  Chi¬ 
cago;  sponsored  by  Illinois  Insti¬ 
tute  of  Technology  and  directed  by 
Prof.  S.  E.  Winston. 

May  13-16;  1947  Conference  and 
Show;  Radio  Parts  and  Electronic 
Equipment  Shows,  Inc.,  Chicago, 
Illinois. 


BUSINESS  NEWS  I 

I 

Sentinel  Radio  Corporation  has  ! 
consolidated  all  departments  under  j 


New  Sentinel  plant  in  Evanston 


one  roof''in  its  new  plant  in  Evans¬ 
ton,  Illinois. 

Galvin  Mfg.  Corp.,  Chicago,  was 
awarded  a  Certificate  of  Apprecia¬ 
tion  by  the  War  Department 
for  its  contributions  to  design 
and  production  of  radio  and 
radar  equipment  for  the  Army  dur¬ 
ing  World  War  II.  The  presenta¬ 
tion  was  made  to  P.  V.  Galvin  by 
Brigadier  General  C.  H.  Arnold  and 
Major  General  H.  C.  Ingles.  Mo¬ 
torola  produced  341,529  units  of 
ground  forces  radio  equipment,  18,- 
261  units  of  radar  and  beacon  equip¬ 
ment,  and  over  35,000,000  piezo¬ 
electric  crystal  units. 

Aireon  Mfg.  Corp.,  Kansas  City, 
Kansas  has  transferred  radiotele¬ 
phone  production  to  a  wholly  owned 
subsidiary.  The  Aireon  Radiotele¬ 
phone  Mfg.  Co.,  which  will  move 
its  entire  operations  shortly  to  a 
leased  plant  in  the  East.  William 
A.  Hahn  of  Baltimore,  Md.,  presi¬ 
dent  of  Railway  Radiotelephone  and 


RACON 


. . . . .  ■  -  ■  ■  . V. 

. . . . .  . . . . . . . . 


a  type  for  " 

'  ■  .  .  . 

every  conceivable 
PA  or  Sound  Installation 


RACON  .  .  .  world’s  leading  and '  largest  manufacturer 
of  air-eoluinn  horns,  speakers  and  driving  units  has  won 
the  position  of  Leadership  through  advanced  engineering 
design,  precision  workmanship  and  use  of  the  finest  mate¬ 
rials  available. 


For  maximum  efficiency  and  high-fidelity  •*true-tonc”  repro¬ 
duction  even  at  full  output  ...  for  most  dependable  service 
even  under  most  rugged  operating  conditions  .  .  .  for 
economy  of  basic  cost  and  lowest  upkeep  RACON  has  just 
what  you  are  looking  for. 


Send  for  New 
Free  Catalog 


All  Heather  roii»ilriirtion  ainl  Slormpnjof  Material 
makes  RACO.'N  speakers  impervious  to  any  cli¬ 
matic  condition.  Our  Acoustic  Material  prevents 
resonant  effects.  Our  driviuK  units  afford  60  natt 
peak  and  30  natt  continuous  output  at  lowest  watt 
of  enerf;y  input. 


Our  Free  Catalog  Describes 


Alnico  PM  Units 
Armoured  Projectors 
Demountable  Horns 
Radiol  Horns 
Cellular  Horns 


Standard  PM  Units 
Straight  Trumpets 
Reentrant  Trumpets 
High-Freq'^ency  Tweeters 
Speaker  Accessories 


RACON  ELECTRIC  C0.,iNa 


I  52E.  19thSt.,  NewYorkS,  N.  Y. 
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Resistor  Failure  Needn^t 

Mean  a  Ruined  Assembly! 


the  frequency  would  be  registered 
and  thereafter  protected  from  in¬ 
terference.  If  interference  was 
likely  the  board  would  return  the 
application  and  suggest  selection 
of  some  other  frequency.  The 
board  would  have  no  authority  to 
enforce,  its  recommendations,  how¬ 
ever.  ~ 

The  Moscow  Conference  also 
agreed  that  there  shall  be  called  in 
the  fall  of  1947  a  World  High  Fre¬ 
quency  Broadcasting  Conference  to 
assign  frequencies  to  short-wave 
stations  all  over  the  world  and  to 
establish  an  organization  for  fa¬ 
cilitating  interchange  of  broadcast 
programs  between  countries. 


The  RESISTOR 

it  DETACHABLE 


Gothard  Indicator  Lights  feature  de¬ 
tachable  resistors  .  .  .  assuring  you 
longest  possible  assembly  life!  This 
eliminates  wasteful  need  for  replac¬ 
ing  entire  Indicator  assembly  be¬ 
cause  of  a  bad  resistor.  Here — you 
simply  replace  the  resistor — and  your 
Gothard  Indicator  Light  is  saved  for 
indefinite  use. .Model  No.  1143  hats 
200,000  ohm  detachable  resistor  for 
dimmer  glow  and  Model  1144  As¬ 
sembly  is  furnished  with  100,000 
ntiTti  detachable  resistor  for  bright 
glow.'  For  full  information  on  the 
complete  Gothard  Line,  write  for 
Catalog— today! 


1947  Parts  Show 

DXtes  for  the  electronic  equipment 
show  in  Chicago,  sponsored  by 
Radio  Parts  and  Electronic  Equip¬ 
ment  Shows,  Inc.,  have  been  set  for 
May  13  to  16  inclusive  in  1947.  Or¬ 
ganization  and  sales  meetings  will 
be  held  May  11  and  12,  with  the 
keynote  dinner  for  the  entire  in¬ 
dustry  scheduled  for  7 :00  p.m.  on 
Monday  May  12.  The  Exhibition 
Hall  will  open  at  10 :00  a.m.  May  13 
and  remain  open  through  May  16. 
Attendance  wUl  be  confined  to 
members  of  sponsoring  manufac¬ 
turers,  their  booth  attendants,  their 
sales  representatives,  and  distrib¬ 
utors,  except  that  Friday  May  16  is 
Open  House  Day  during  which 
radio  servicemen,  amateurs,  engi¬ 
neers,  and  the  general  public  will 
be  admitted  without  registration. 


/manufacturing  company 

2114  Clear  Lake  Avenue,  Springfield,  IIL 
Export  Divhiom: 

25  WARREN  STREET  •  NEW  YORK  7.  N.  Y. 


Model*  No.  1143 
Sl  1144  with  resistor 
lor  neon  lamp  NESl. 
(Model  1142- no 
resistor— for  Mazda 
lamps.) 


For  depei^doble  service 
in  communications . 


IN-RES-CO  rMistort  or*  consdrvalivciy  rat«d,  compact, 
convonloni  to  mount.  Thoy  are  available  for  quick 
delivery  on  short  notice.  Standard  tolerances  are  1  or 
2%;  closer  tolerances  are  supplied  on  order.  Most 
units  aro  wire  wound  for  permanent,  exact  resistance 
value.  Inductive  and  non-inductive  types  included. 
Every  component  engineered  for  maximum  stability, 
long  lifo  and  noise-free  operation.  Write  today  for  the 
informative  IN-RES-CO  catalogue  —  no  obligation. 

TYPES  SB  AND  RB  compact,  accurate  resistors. 

SB:  I  1/16"  lono,  max.  res.  1  Meg.  RB:  9/16" 
long,  max.  res.  0.5  Meg.  Both  9/16"  diam.  i 
Stondard  tolerance  0.5%. 


MEETINGS  TO  COME 

Jan.  23-26;  Society  of  the  Plas¬ 
tics  Industry;  technical  papers 
and  exhibit;  Edgewater  Beach 
Hotel,  Chicago. 

Jan.  27-31;  Electrical  Engineer¬ 
ing  Exposition;  held  concurrently 
with  AIEE  winter  convention ;  71st 
Regiment  Armory,  New  York  City. 

Jan.  27-31;  International  Heat¬ 
ing  AND  Ventilating  Exposition; 
Lakeside  Hall,  Cleveland,  Ohio. 

March  3-6;  IRE  Winter  Meeting; 
Hotel  Commodore,  New  York  City, 
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-^LIMITED  QUANTITY 

FIELD  TELEPHONE 


TYPE  EE  8B 


47. 


Field  Communicafion  Froblemt? 


C»n  you  use  reliable 
oommunlcation  up  to 
five  inUee  and  overt 
These  seta,  brand  new 
and  modem,  were  de¬ 
signed  to  guarantee 
that  range  according  to 
Signal  Corps  Spm. 
Complete  ringing  and 
talking  circuits.  la 
water  and  fungus 
proofed  carrying  case. 
Two  of  the  above  units 
will  iHovlde  you  with 
^  a  complete  private  tele¬ 
phone  sjrstem.  Made  by 
foremost  mfgr. 


■  t  'l 


2500  VDC  ns  ts  50  MA  ■ 

Contains  following  list  of  three  (3)  hermetically 
sealed  components,  made  by  outstanding  mfgrs. 
Items  may  be  purchased  Individually. 

I  ea.— Trans.  Pri.-115  V  60  V,  Sec  3000  V-50 

.  MA  . ^ . $T.50 

1  ea.— Trans.  Ptt.-115  V  60  V,  Sec.  6.3  V  ft 

3.5 — @  3  amps  Hi-insul . $3.80 

1  ea.  Condenser,  oU  3  sec-.$  mfd  ea  4000  VDCW 
_  $4.60 


RELAYS 


S.P.ST  60  amp  coot.  18TDO  Coll . 

DPDT  5  amp  conL  SK-DC  Coll  Ceram.  Instil 
DPDT  5  amp  cont.  110  VAC  CoU  3U'x4'  base 


llntnrc  Apprsx.  i/m  HP  Reversible  $940 

muiuih  28  V.D.C.  Bendix  «EII500-I  • 


AU  MERCHANDISE  FULLY  GUARANTEED 
F.O.I.  N.Y.C.  —  Ramit  20%— lalsncs  C.O.D. 

KELVIN  ELECTRONICS 

74  CorHandt  St.  New  York  7,  N,  Y. 


RAWSON 

MULTIMETERS 


Types  50IA,  50IB.  50IC 
Accuracy  >/t  of  1% 

Readings  from  2  microamperes  to  1 
ampere  on  5  ranges,  and  20  microvolts 
to  1000  volts  on  9  ranges. 

The  word  MULTIMETER  is  our  copy¬ 
righted  trade  mark. 

Write  for  bulletins 
We  can  also  supply 
Single  range  meters  and  other  combina¬ 
tions  of  ranges 

THERMAL  MULTIMETERS  for  A.  C. 
ELECTROSTATIC  VOLTMETERS 
FXUXMETERS 

Special  apparatus  built  to  order 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMBRIDGE,  MASS. 
Rtpresentatives 

Chicago  Los  Angelos  Now  York  City 


lIlIdP'linillMI'JlI'JiHiL 


r> 


Metal-Contained  — 
Oil-Filled  with 
Neoprene  Bakelite 
Seals 

VASTLY  SUPERIOR  TO 
ORDINARY  CARDBOARD 
TUBULARS 


Now — with  the  incieasing  multitude  of 
electronic  applications,  exaaing  the 
utmost  in  dependability,  make  sure  with 
Potter  Quality.  Light,  durable,  space¬ 
saving — the  highest  achievement  in  capac¬ 
itor  material  design  and  construaion,  for 
today’s  precision  requirements  in  elec¬ 
tronics.  .'1/«wf/num-contained  —  oil-filled 
— neoprene  bakelite  seals.  Durable. 

Space-saving.  Far  surpassing  cardboard 
tubulars  in  every  point. 

Here's  Evidence!  Remarkable  Record  of  Potter  Acceptance 

Under  the  most  rigid  Signal  Qirps  inspec-  equipment. 


lion — under  conditions  of  the  most  in¬ 
tense  humidity,  acceptance  of  POTTER 
CAPACITORS  ran  99  9/10  percent.  Pot¬ 
ter  Capacitors  have  been  specified  for 
many  types  of  Army,  Navy,  and  C.A.C. 


Assure  your  product  the  constant,  high 
fidelity  reproduction  of  Potter  Capacitors 
to  your  specifications  —  performance  al¬ 
ways  faithful  to  the  ideal,  under  any  and 
every  condition  of  operation. 


In  ratings  up  to  2,500  volts  ask  for  full  datails.  Gat  all  fba  facts  on  Pottor 
superiorifias— and  comparn!  PROMPT  DELIYERf ,  Wire  or  Write. 


THE  PnTTTP  COMPANY 

X  V./  X  I  M  a  1  I  ESTABLISHED  192S 
1952  SHERIDAN  ROAD,  NORTH  CHICAGO,  ILLINOIS 

Preferred  by  leading  manufacturers  of  electronic  equipment 
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NEWS  OF  THE  INDUSTRY  (continued) 

Signals,  Inc.,  will  act  as  general 
manager. 

RCA  Victor  Division,  Camden,  N. 
J.  has  formed  a  large  engineering 
group  headed  by  Dr.  Douglas  Ewing 
to  develop  Teleran,  a  new  air  navi¬ 
gation  system  combining  television 
with  radar. 


Farnsworth  Television  &  Radio 
CORP.,  Fort  Wayrfe,  Ind.,  recently 
staged  an  operational  demonstra¬ 
tion  of  railroad  radio  in  the  Dallas 
yards  of  Texas  &  Pacific  Railway 
Co.  Two-way  communication  was 
provided  on  three  locomotives  and 
three  offices,  using  f-m  equipment 
operating  in  the  152-162  me  band. 

R.  C.  Powell  &  Co.,  Inc.,  57  Wil¬ 
liam  St.,  New  York,  N.  Y.  has  been 
organized  for  the  development  and 
marketing  of  electromechanical 
products. 

Operadio  Mpg.  Co.,  St.  Charles,  Il¬ 
linois,  now  has  branch  plants  oper¬ 
ating  in  Dundee,  Quincy,  and  Joliet, 
Illinois  in  addition  to  its  two  St. 
Charles  plants.  Decentralization 
was  necessitated  by  shortages  of 
both  manpower  and  plant  facilities 
in  the  immediate  area. 


Mr.  H.  B.  K. 

of  Long  Branch,  N.  J.  * 
snys, 

*'l  am  employed  as  a 
radio  mechanic  at  the 
Signal  Corps  Labora¬ 
tories  at  Fort  Mon¬ 
mouth.  In  my  work  I 
have  many  times  used 
Kwikheat  Soldering 
Irons.  1  had  never 
seen,  nor  heard  of 
your  irons  until  I 
came  here,  but  1 
am  certainly  con¬ 
vinced  that  they  are 
the  best  irons  that  can  be 
obtained.  They  (Kwik- 
heats)  are  a  real  pleas¬ 
ure  to  work  with.” 
•Letter  on  file  at  our  office 


■SENSITIVE  RELAYS 

have  proven  themselves  in 
countless  applications: 

Temperature  Control 
V  VacuumTube  Circuits 

Fire  and  Burglar 
Alarms 

r  Telephone  Dialing 
Aircraft  Controls 
r  High  Speed  Keying - 
. . .  and  many  others. 


Southern  California  Water  and 
Telephone  Co.  has  started  con¬ 
struction  of  a  new  building  atop 
Mount  Wilson,  overlooking  Holly¬ 
wood,  California,  to  provide  com¬ 
munication  service  for  the  televi¬ 
sion  and  f-m  broadcast  stations  now 
locating  on  this  advantageous 
mountaintop  site.  Beaming  of  tele¬ 
vision  programs  from  Hollywood  to 
the  transmitters  will  be  achieved 
with  microwave  equipment  using 
the  new  shielded  lens  antenna  de¬ 
veloped  by  Bell  Telephone  Labora¬ 
tories.  Cable  facilities  are  also  to 
be  provided  for  television. 

FMBI,  an  organization  of  f-m 
broadcasters,  was  formally  dis¬ 
solved  at  the  NAB  Convention  in 
Chicago  Oct.  21.  Organizational 
meetings  for  a  new  group  to  be 
known  as  Frequency  Modulation 
Association  have  already  been  held. 

RCA  AND  NBC  are  providing  tele¬ 
vision  service  in  the  press  quarters 
for  the  United  Nations  General  As¬ 
sembly  at  Flushing  Meadows,  New 
York,  for  the  convenience  of  news¬ 
papermen.  NBC  television  Camera- 


Check  These  Many 
KWIKHEAT  Feotvres... 

•  TlMrmostatic  Coatral 

•  Heats  in  90  secends 

\  •  Uflit  weicht  (13)^  ezs.) 
e  Coei  protsetins  kandle 
e  Six  mterchangeaMe  tkw 
e  Tips  need  iess  dretsinc 


SIGMA 


SIGMA’S  specialty  is  the  com¬ 
bination  of  a  fine  relay  and  an 
unusually  thorough  approach  to 
your  specific  application  problem. 

SIGMA  standard  relays  are 
available  with  various  enclosures 
including  fixed  mountings,  5 -pin, 
and  octal  male  plug  bases. 

New  relays  are  being  devel¬ 
oped  for  special  purposes.  Send 
your  requirements  to  SIGMA  for 
dependable  relay  recommenda¬ 
tions. 


SIX  1 
TIP  ) 

styles' 


Sigma  Instruments,  m 

RELAYS 

62  Ceylon  St.,  Boston  21,  Mass. 
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RADIO  ENGINEERING  SHOW 

to  be  at 

GRAND  CENTRAL  PALACE 

March  3-6 


NOT  at  the  34th  Street  Armory.  We 
outgrew  that  place  and  were  lucky 
enough  to  get  space  at  Grand  Central 
Palace  .  .  .  the  biggest  exhibition  hall 
in  New  York,  for  the  biggest  radio 
engineering  show  in  historyl 

Admission  to  Grand  Central  Pa¬ 
lace  end  all  lectures  free  to  mem¬ 
bers  of  The  Institute  of  Radio 
Engineers,  $3.00  registration  for  non¬ 
members. 

Have  you  made  your  plans  yet  to 
attend  the  show? 

<  Incidentally,  better  make  hotel 
reservations  well  in  advance!) 

V/w.  C.  Copp,  Exhibits  Manager 

THE  INSTITUTE  OF 
RADIO  ENGINEERS 

1  E.  79TH  ST.,  N.  Y.  21  Circle  6-4357 


JONES  SHIELDED  TYPE 
PLUGS  and  SOCKETS 

Low  loss  Plugs  and 
Sockets  suitable  for 
high  frequency  cir¬ 
cuits.  Ideal  for  an¬ 
tenna  connections, 
photo-cell  work,  mi¬ 
crophone  connec¬ 
tions,  etc.  Supplied 
in  1  and  2  contoct 
types.  The  single 
contact  type  can 
be  furnished  with 

or  ferrule  for 
coble  entrance. 
Knurled  nut  eecurely 
foitena  unite  together. 
All  metal  parts  ore  of 
I  brass  suitably  plated  to  meet  Nary  specifi- 
i  cations.  No.  101  Series  Plugs  haae  ceramic 
j  Insulation  and  Sockets  have  XXX  Bakellte. 
I  For  complete  listing  and  information  write 
,  todoy  for  your  copy  of  cotolog  No.  14. 


S-101 


HOlUflRD  B.  J0n€S  Division 

cincH  mfG  coRP. 

.2460  ULl.G€ORG€  ST.  CHICfIGO  18 


Uniformly  high  magnetic  performance,  exceptional  Q  and 
high  permeability  of  the  wide  variety  of  Mepham  magnetic 
iron  powders  (hydrogen  reduced)  suggest  their  use  for  high- 
frequency  cores,  core  material,  tele-communication  and 
magnetic  applications.  Production  is  strictly  controlled — 
prices  are  attractively  low  . . .  Consult  the  ^Mepham  Tech¬ 
nical  Staff — send  for  literature. 


G.  S.  M  E  PHAM 

Established  190i  • 


COR  P  ORATION 

*  •  >  • 

East  St.  Louis,  Illinois 


MANUFACTURERS  and 
DISTRIBUTORS 


ATTENTION 


SUPERHETERODYNE  PERMEABILITY 

TUNERS 
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1  55 
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•  535  to  1660  KC  Complete 

•  3  Color  Dial  and  Drive 

•  Ail  units  Pre-Tracked  at  Factory 


w 


We  also  make  a  Slide  Rule  type  unit  for  Supers 
and  TRF  type  to  replace  a  single  condenser. 


Open  facilities  for  Die  work.  Stamping,  Coils, 
Assembling.  Complete  and  extensive  Engineering 
and  Electrical  laboratories  available.  Send  us  your 
inquiries  for  quotations. 


AERMOTIVE  EQUIPMENT  CORP. 

U32  CENTRAL  ST.  KANSAS  CITY,  MO. 

NEW  YORK  OFFICE 

H.  BRAVERMAN  161  WASHINGTON  ST..  N.  Y.  6.  N.  Y. 
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ILLINOIS  CONDENSER  CO. 

1616  NORTH  THROOP  STREET  •  CHICAGO  22,  ILL 
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Now  in  full  production  on 


men  will  operate  the  pickup  equip¬ 
ment  at  the  sessions.  Without  the 
television  receivers,  many  of  the  re¬ 
porters  would  be  without  direct  con¬ 
tact  with  the  action  in  the  cham¬ 
bers. 


General  Electric  Co.,  Syracuse, 
N.  Y.,  is  placing  in  operation  eight 
mobile  radio  laboratories,  each  a 


Our  n«w  plant  has  bean  specially  designed  for  the  manu¬ 
facture  of  Electrolytic  Capacitors.  Newest  production 
techniques,  closer,  more  rigid  control,  air  conditioning  for 
better  quality  and  employee  working  conditions  and  finest 
materials  ...  all  are  features  which  insure  you  of  the 
highest  product  standards. 

lllifibis*  Capacitors  have  been  used  by  leading  concerns 
of  the  nation  for  over  12  years.  They  have  an  unsurpassed 
reputation  for  lightweight,  compact  construction  combined 
with  ruggedness  for  long  life. 

Your  copy  of  our  latest  catalog  Is 
ready  for  you.  Write  for  It  today. 


One  of  G-E's  mobile  radio  communication 
laboratories  now  on  the  road 

trailer  equipped  with  testing  and 
repair  facilities  for  radio  communi¬ 
cation  services  and  field  strength 
measuring  equipment  for  determin¬ 
ing  proper  locations  of  tran.'^mit- 
ters. 


HobinSq^  “PilECISION”  Turntables 
*>o  “Wow”  or- '  jVotv  AvailuMt* 

vibration 
whether  it’s 
Brahms,  boo¬ 
gie  or  voice. 

“Right  angle” 
belt  drive  and 
patented  “seis¬ 
mic^'  sub  base 
motor  mount- 
ing. 

Instant,  fool¬ 
proof  lever 
shift  from  78 
to  33 R.P.M. 

•if  New  microm¬ 
eter  speed  ad¬ 
justment  and 
patented  plane¬ 
tary  ball  bear- 
i  n  g  transmis¬ 
sion. 


PERSONNEL 

James  L.  Middlebrooks,  who  re¬ 
cently  resigned  as  director  of  en¬ 
gineering  for  NAB,  has  been  ap¬ 
pointed  chief  facilities  engineer 
for  the  American  Broadcasting  Co., 
succeeding  Ben  Adler. 


Balth.  van  der  .Pol,  director  of 
fundamental  radio  research  for  the 
Philips  laboratories  at  Eindhoven, 
Holland,  and  president  of  the  tech¬ 
nical  commission  for  the  recently 
founded  International  Broadcasting 
Organization,  conferred  with  sci¬ 
entists  in  the  United  States.  On 
Nov.  13  he  addressed  the  Cruft  Lab¬ 
oratory  staff  of  Harvard  University 
on  “The  Fundamental  Principles  of 
Frequency  Modulation”. 


Alfred  T.  Johns  has  been  named 
production  manager  of  the  Home 
Radio  Division  of  Lear,  Inc.,  Grand 
Rapids,  Michigan. 


Console  $90  •  Chassis  $295 

Duplex  Console  $150 


Esterly  Chase  Page  leaves  MBS 
Jan.  1  to  return  to  private  practice 
as  broadcast  consultant  in  Wash¬ 
ington,  with  Earl  Miner  Johnson 
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WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 


900  BROADWAY  •  NEW  YORK  3,  N.  Y 

Telephone:  Algonquin  4-5180-1-2-3 


WM.  J.  MURDOCK  CO 

135  Carter  St.,  Chelsea  50,  M  as  s 


All  standard  types. 
Write  for  the  new 
Amcon  catalog. 


AMERICAN  CONDENSER  CO 


The  Quadriga  Manufacturing  Co. 

221  A  West  Grand  Ave..  Chicago  10,  Illinois 


Tailored  for  the  best  protection  against 
vibration,  strain,  contraction,  expan¬ 
sion.  PROMPT  delivery  of  any  quan¬ 
tity.  Write  for  Quadriga  catalog  with 
photos  and  valuable  data. 
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ffeiiv:  PALNUT 

SHIELD  CAN 
FASTENER^ 


The  PALNUT  Co 


77  CORDIER  ST.,  IRVINGTON  11,  N  J 


(continued) 
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taking  over  his  post  as  engineering 
director  of  the  Mutual  network. 


B.  J.  Miller  has  been  named  chief 
of  the  recently  organized  Guided 
Missile  Electronics  Section  of  the 
National  Bureau  of  Standards.  Dr. 
Miller  played  an  active' part  in  re¬ 
search  phases  of  the  radio  proxim¬ 
ity  fuze,  and  since  Nov.  1945  has 
been  working  on  electronic  controls 
for  guided  missiles.  Among  activ¬ 
ities  under  his  guidance  now  is  the 
Kingfisher  Project,  which  is  the 
advance  development  of  the  radar- 
guided  BAT  bomb. 


Our  young  men  come  to  us  from  ever}’ 
walk  of  life— from  the  farm— from  the  cit>' 
—rich  and  poor— many  ex-GI’s.  They  rep¬ 
resent  every  race  and  creed  but  they  do  have 
ONE.thing  in  common. 

They’re  all  men  OF  Radio,  BY  Radio 
and  FOR  Radio.  They’ve  grown  up  with  a 
"cat’s  whisker”  and  a  set  of  headphones  as 
playthings.  The  only  lullabyes  they  remem¬ 
ber  are  the  ones  they  heard*  over  Dad’s 
Battery  Set,  with  all  the  knobs,  dials,  and 
switches,  when  radio  itself  was  an  infant. 

These  young  men  have  never  known  a 
world  without  radio,  and  they  never  want 
to.  Radio  has  molded  their  minds,  provided 
them  with  an  absorbing  hobby  and  given 
them  the  means  of  earning  a  good  living. 

SKILLED  MEN  FOR  RADIO 

Now,  with  their  training  at  National 
Schools  behind  them,  they  are  prepared  to 
contribute  their  skill,  talent  and  creative 
ideas  «o  an  industry  which  is  literally  a 
part  of  them. 

’We  feel  fortunate  indeed  to  have  had 
the  privilege  of  awakening  the  dormant 
abilities  of  many  .men  now  holding  prom¬ 
inent  positions  in  Broadcasting,  Communi¬ 
cations,  Radio  Sales  and  Service,  Television 
and  Electronics.  And  we  look  fovward  with 
pleasure  to  an  ever-broadening  educational 
program,  designed  to  train  still  more  men 
to  fill  the  thousands  of  specialized  positions 
radio  will  require  in  the  future. 

During  the  four  decades  since  we  first 
began  to  build  men  for  Industry,  we  have 
kept  accurate  student  records  and  compiled 
unusually  complete  performance  charts. 
Thus  we  have  acquired  a  keen  insight  into 
the  most  effective  ways  to  inspire  radio- 
minded  men  to  APPLY  their  training,  and 
to  use  their  creative  abilities  to  the  best 
advantage  of  themselves  and  their  em¬ 
ployers. 

REPORT  TO  INDUSTRY-FREEf 

.  You’ll  be  impressed  by  our  methods  and 
observations,  as  they  apply  to  YOUR  per¬ 
sonnel  problems.  You'll  welcome  an  op¬ 
portunity  to  learn  how  we  inspire  our  stu¬ 
dents  to  ACTION,  how  we  develop  in 
them  those  vital  traits  of  character  which 
make  them  an  asset  to  any  employer. 

We  know  you'll  want  to  send  for  our 
’  Report  to  Industry.’’  Whether  you  em¬ 
ploy  one  man  or  hundreds,  you  will  en¬ 
joy  and  profit  by  this  factual,  informative 
presentation. 

Send  for  it  today!  No  obligation. 

NATIONAL  SCHOOLS 

Pioneers  of  Technical  Trade  Training  Since  1905 
Los  Angeles  37,  California 


•  Lower  Assembly  Cost 

•  Strong  Positive  Grip 

•  No  telerante  problems 


B.  I.  Miller  H.  L  Dryden 

Hugh  L.  Dryden,  associate  director 
of  the  National  Bureau  of  Stand¬ 
ards,  has  been  presented  the  Medal 
of  Freedom  for  “an  outstanding 
contribution  to  the  fund  of  knowl¬ 
edge  of  the  Army  Air  Forces  with 
his  research  and  analysis  of  the 
developments  and  use  of  guided 
missiles  by  the  enemy.”  During 
the  war  Dr.  Dryden  directed  the 
research  and  development  program 
on  guided  missiles  at  the  Bureau  of 
Standards. 


L  i  V  •  spring  arch 
holds  can  tightly 
against  chassis 


Will  not  pull  out 
until  dalibarataly 
raltasad 


Hector  J.  De  Felix,  electronics 
engineering  officer  and  Lieutenant 
in  the  U.  S.  Coast  Guard  for  the 
past  seven  years,  will  be  associated 
with  W.  N.  Green  in  communica¬ 
tions  engineering  practice  in  Porto 
Rico. 


#  A  quick  snap  oi  the  Palnut 
Shield  Can  Fastener  into  the 
chassis  provides  a  secure  job- 
faster,  cheaper  than  other  fast¬ 
ening  methods.  Good  ground 
contact  is  maintained.  May  be 
used  on  any  chassis  thickness. 


Alois  W.  Graf,  chairman  of  the 
Chicago  section  of  IRE,  has  opened 
an  office  in  Chicago  for  the  practice 
of  law  in  patent  and  trademark 
cases. 


SAMPLES  and  dafa  on  Palnuf 
Shield  Can  Fasteners  sent  upon 
request  on  your  company  let¬ 
terhead, 

*  Pat.  Pending 


Mail  so:  Public  Relations  Director 
National  Schools— Figueroa  at  Santa  Barbara 
Los  Angeles  37,  California 
Please  send  me  "Report  to  Industry’ 

E-14 

Name: _ 


Leslie  G,  Thomas  was  elected  vice- 
president  in  charge  of  manufactur¬ 
ing  at  Solar  Manufacturing  Corp., 
New  York,  N.  Y.  He  was  recently 
vice-president  and  works  manager 
of  International  Resistance  Co., 
Philadelphia. 


Address. 
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METALS  IN  ALL  FORMS  FOR  THE 
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Make  problems  simpler, 
easier  to  solve 
through  speedy  mastery 
of  TRIGONOMETRY 


Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  In  all  grades 
including  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

Information  and  suggestions  furnished 
on  request. 


MANVf  ACTUIIIS  Of  MICH  (OUCIVI  MACNITK  AllVYS 


MAGNETIC  COKPCkiltHWi 

^  I  000  I  ERWIN  AV€N  U  E 

DETROIT  5.  MICHIGAN 

SMALL  PARTS 


The  ciear>eet  "qeet-  ^ 

tion  •  and  •  answer" 
method  makes  under*  " 
standing  easy  r 

— applies  trigonometry  | 

’  I 

to  actual  problems  in  ' 

technical  fields _ 

Here's  a  direct  way  to  help  yourself  find  the 
answers  to  today's  technical  problems  iiuickly 
and  efficiently,  without  the  bother  and  wasted 
time  that  accompany  unsure  methods.  This 
brisk  presentation  of  trigonometry  provides  a 
rapid  refresher  course  for  the  man  who  wants 
to  brush  up  on  his  trigonometry,  as  well  as  a 
complete  study  course  flor  the  man  who  will  use 
it  for  the  first  time.  The  teaching  process  Is 
speeded  up  by  the  “question-and-answer" 
method  which  presents  the  subject  clearly  and 
concisely,  with  emphasis  on  practical  problems 
in  the  various  technical  fields  of  direct  working 
value  to  you. 

Just  pabllshed! 

TRIGONOMETRY 
REFRESHER 
FOR  TECHNICAL  MEN 


By  A.  ALBERT  KLAF 


Filaments,  anodes,  supports,  springs, 
etc.  for  electronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
V^-inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories.  , 
Inquiries  will  receive  prompt  attention. 


Thi.s  book  provides  a  Quick,  direct  and  practical  means  of 
nia.sterlng  the  trigonometry  that  wili  ease  your  technical 
problems,  and  speed  up  your  work.  The  treatment  is 
comprehensive,  including  detailed  presentation  of  angles; 
methods  ot  periodic  functions,  identities,  inverse  func¬ 
tions;  logarithms,  etc.  There  is  a  review  of  .spherical 
geometry,  a  careful  presentation  of  spherical  triangles, 
and  the  application  of  spherical  trigonometry  in  the 
solution  of  the  terrestrial  and  astronomleal  triangles. 
Many  illustrations  are  supplied.  Problems  follow  each 
chapter. 


Civil  K.ngineer,  Board  of  Water  Supply.  City  of  New  York 
629  pages.  S'/a  X  SU,  355  illustrations,  8  tables,  55.00 
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Newark  2,  N.  J. 


PRECIOUS 


ELECTRONIC  INOUSTRIES 
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7  Reasons  why  this  book  will  aid  you; 

•  it  provides  a  working  knowledge  of  the  branch  of 
mathematics  most  usrful  to  technical  men 

•  It  simplifles  the  principal  functions  of  an  angle  by 
the  use  of  a  "shadow  and  perpendicular"  concept 

•  it  contributes  toward  the  saving  of  time  in  numerical 
calculations 

O  it  shows  you  how  to  select  the  slide  rule  best  suited 
to  your  own  particular  use 

•  it  supplies  a  wide  variety  of  selected  practical,  tech, 
nical  problems  completely  solved 

O  it  develops  logarithms  from  the  beginning,  in  pro. 
gressive  steps 

•  it  provides  a  complete  review  of  spherical  geometry 

See  it  10  days  FREE  •  Mail  Coupon 


McGraw-Hill  Book  Co.,  330  W.  42  St..  N.Y.C.  18 

Send  me  Klafs  Trigonometry  Refresher  for  Techni¬ 
cal  Men  for  10  days'  e.vamination  on  approval.  In 
ten  days  I  will  send  l.'i.oo,  plus  few  cents  postage,  or 
return  book  postpaid.  (Postage  paid  on  cash  orders. ) 
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Inside  The  Vacuum  Tube 

By  John  F.  Rider.  John  F.  Rider  Pub¬ 
lisher,  Inc.,  New  York  16,  N.  Y.,  1945, 
407  pages,  $4.50, 

Radio  facts  are  presented  in  this 
book  on  such  a  basis  that  a  high 
school  junior  or  senior  could  well 
understand  them.  Innovations  in¬ 
clude  reprinting  of  diagrams  and 
graphs  on  subsequent  pages  so  that 
they  can  easily  be  studied  when  the 
reader  is  referred  to  them,  and  the 
use  of  three  anagl5rphs— two-color 
drawings  which  appear  in  three 
dimensions  when  viewed  by  the 
two-color  spectacles  furnished  with 
the  book.  Throughout  the  book  are 
small  illustrative  sketches  where 
electrons,  atoms  and  ions  are  per¬ 
sonalized  and  shown  as  small  round 
imps  with  arms,  legs,  wings  and 
antennae.  This  juvenile  represen¬ 
tation  of  negative  imps  running 
around  the  circuit  or  climbing 
through  the  grid  wires  will  hardly 
appeal  to  all,  but  does  often  serve 
to  make  the  subject  matter  a  bit 
more  familiar. 

The  treatment,  beginning  with 
the  electron,  its  source  and  re¬ 
sultant  movement  under  electro¬ 
static  force  fields,  is  straightfor¬ 
ward.  More  emphasis  is  placed  on 
space  charges  and  fields  due  to 
potentials  on  the  tube  elements 
than  is  usual  in  a  book  of  this 
scope.  Diodes  are  rather  completely 
treated  and  form  the  basis  for  the 
triode  treatment  as  well.  The  dis¬ 
cussion  on  triodes  covers  five  chap¬ 
ters  and  is  adequately  done, 
especially  the  explanation  and  con¬ 
struction  of  load  lines  as  a  means 
of  determining  operating  condi¬ 
tions. 

A  chapter  on  tetrodes  and  pen¬ 
todes  is  followed  by  one  on  the 
effect  of  cathode  impedances.  Short 
chapters  on  power  amplifiers  and 
miscellaneous  tubes  give  mention  to 
the  general  properties  of  such 
devices. 

It  is  difficult  for  a  reviewer  to 
place  himself  in  the  position  of  a 
novice,  and  consequently  the  text 
seems  over-simplified  and  repeti¬ 
tious.  This  redundancy  may,  to  a 
beginner,  be  the  real  merit  of  the 
book.  Numerous  minor  errors  are 
apparent  on  careful  reading  but 
probably  do  no  material  harm.  For 


The  Model  81  Termaline  is  de¬ 
signed  to  serve  as  a  matched  load 
which  dissipates  all  power  ap¬ 
plied  to  ill  Featuring  very  low 
VSWR's,  the  Termaline  is  very 
useful  in  measurement  work  at 
VHF-UHF-SHF.  ^ 


Freiiuency — Zero  (d-c)  to  40t)0  me.  • 
Input  Impedance — 51.5  ohms  •  Power 
Capacity — 50  watts  continuous,  higher 
pov-ers  for  short  periods  •  Fittings — 
AN  Type  UG-23  famale  coupling  for 
RG-8,  9  and  equivalent  •  Physical  Di¬ 
mensions — (Overall)  9y8”  L  x  5"  H  x 
2\t,"  W.  •  Finish — Platinum  gray  with 
chrome  trim.  Collapsible  handle. 


APPLICATION 

1.  As  an  impedance  snndard  for  accuracy 
and  repeatability  in  VHF-UHF-SHF 
measurements. 


Prominent  among  our  line 
of  electrical  and  electron¬ 
ic  components  are  pres¬ 
surized  and  waterproof 
connectors.  Pressurized 
and  waterproof  con¬ 
nectors  include  power 
and  RF  coaxial  types 
meeting  AN  standards. 

Connectors  for  all  pur¬ 
poses  are  a  specialty  in 
which  the  electronic  sec¬ 
tion  of  our  Engineering 
Department  is  available 
to  assist  you. 


2.  General  use  as  a  non-reactive  termina¬ 
tion  for  r-f  lines. 

3.  As  a  dummy  load  while  tuning  up 
transmitters. 

4.  Checking  impedance  in  antenna  to 
line  match. 


BIRD  ELECTRONIC  CORPORATION 
1800  EAST  38th  STREET 
CLEVELAND  14,  OHIO 
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RECORDING 

EQUIPMENT 


ALLIED  Diic»  are  farored  by  noted 
broadcasters  and  other  users,  ior  their 
high  fidelity.  Test  them  on  your  work. 
One  of  the  first  companies  to  make 
instantaneous  recording  eguipment, 
ALLIED  offers  you  the  benefits  of  its 
seasoned  skill. 

Write  tor  our  New  Deseriptire  Bulletin. 

4lUEt 

RECORDING  PRODUCTS  CO. 

21-M  43d  Ave..  LONG  ISLAND  CITY  I.  N.  Y. 


TWIN  POWER  SUPPLY 

Eleetromcally 
Regulated  for 
Precise 

Measurements 

Two  independent  sources  of 
continuously  variable  D.C. 
are  combined  in  this  one 
convenient  unit.  Its  double 
utility  makes  it  a  most  use¬ 
ful  instrument  for  laboratory  and  test  station  work.  Tbree 
power  ranges  are  instantly  selected  with  a  rotary  switch: 

I7S-3S0  V.  at  0-40  Ma.,  tarminated  and  controlled  Indapandantly, 
may  ba  utad  to  supply  2  separata  requirements. 

0-175  V.  at  0-40  Ma.  for  sinqla  supply. 

175-350  V.  at  0-120  Ma.  for  single  supply.  , 

In  addition,  a  convenient  6.3  V'.A.C.  filament  source  is 
provided.  The  normally  floating  system  is  properly  ter¬ 
minated  for  external  grounding  when  desired.  Ade¬ 
quately  protected  against  overloads. 


•  Output  voltage  varia¬ 
tion  lets  than  1%  with 
change  from  0  to  full 
load. 

•  Output  voltage  varia¬ 
tion  less  than  1  V.  with 
change  from  105  to  125 
A.C.  Line  Voltage. 

•  Output  ripple  and 
noise  less  than  .025  V. 


Twin  Power  Supply  Model  210  Complete  $115.00  F.O.B.  Chicago 
Dimensions:  16"  x  8"  x  8"  Shipping  Wt.  35  lbs. 

(Other  types  for  your  special  requirements) 


DEPT.  E-l  800  W.  NORTH  AVENUE.  CHICAGO  22,  ILLINOIS 
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By  preplacing  these  low-temperature  silver  brazing  alloys  and 
using  fast  handling  and  heating  methods,  metal  joining  with 
SiL-FOS  and  EASY-FLO  has  become  a  fast,  low-cost  mass  produc¬ 
tion  operation  on  hundreds  of  jobs.  Also,  the  ability  of  these  alloys 
to  join  stampings  and  fubulctr  parts  with  one-piece  strength  has 
revolutionized  the  design  of  mony  products^  with  big  savings  in 
production  costs.  Find  out  what  SIL-FOS  and  EASY-FLO  can  do  for 
you.  Write  today  for  BULLETINS  giving  full  facts  —  including 
details  about  the  new  faster  acting,  lower  cost.  EASY-FLO  4S. 


ELECTRIC  IMMERSION  HEATERS  made  by  Edwin  L 
Wiegand  Co.,  Pittsburgh,  Pa.  With  the  simple  set-wp 
shewn,  formed  copper  tubes  ore  broxed  to  copper-clod 
steel  flanges.  Operator  slips  EASY-FLO  rings  on  tube  ends, 
inserts  ends  in  flange,  places  assembly  in  fixture  and 
applies  Handy  Flux.  Meanwhile,  an  assembly  in  induc¬ 
tion  coil  is  brazed 
•mes  or  and  a  third  is  cool- 

wm  tM  jB0I^  ing.  Result— a  steady 
stream  of  100% 
water-tight  heaters 
at  low  cost. 
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example,  on  p.  128;  “  .  .  the  value 
of  grid  current  caused  to  flow  .... 
has  been  found  that  the  lower  the 
plate  voltage,  the  less  the  grid  cur¬ 
rent.  This  appears  reasonable  .  .”. 
Quite  the  contrary !  A  more  serious 
error  is  the  lack  of  any  emphasis 
on  the  nonlinear  characteristics  of 
the  tubes;  Generally  the  nonlinear 
conditions  are  treated  as  exceptions 
to  be  ignored,  and  no  basis  is  laid 
for  detectors,  rectifiers,  oscillators, 
limiters,  etc.  This  omission  is 
probably  part  of  the  most  annoying 
characteristic  of  the  book,  wherein 
it  is  stated  many  times  and  in  many 
ways  that  the  phenomena  hinted  at 
is  much  beyond  the  scope  of  the 
book  and  possibly  the  intelligence 
of  the  reader. 

With  these  exceptions  the  book 
is  well  turned  out  and  stands  as  one 
of  the  simplest  of  such  simplified 
texts. — K.  W.  JARVIS 
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SOLID 


A  pin  on  Milford  Rivet  Setters  engages  the  semi- 
tulAilar  end  of  the  rivet,  guides  it  home  accurately  and 
instantly  to  make  an  unbreakable  assembly.  Costs  cut. 
Time  saved.  Production  speeded.  Milford  designs 
and  manufactures  rivets  in  endless  variety  and  makes 
IS  standard  models  of  bendi  and  floor  type  rivet 
setters  (special  models,  to  order). 


in  Metal,  Wood,  Fabric,  Plastic 
or  any  combination  of  the  four. 

Send  blue  prints  or  actual 
sample  for  more  information, 
or  write  for  a  Milford  repre- 
sentative  to  call. 


THE  MILFORD  RIVET 
&  MACHINE  CO. 
859  Bridgeport  Ave. 
MILFORD.  CONN. 
1002  West  River  St.,  Elyria,  Ohio 

Inquirlet  may  also  be  addressed  to  our  subsidiary: 

THE  PENN  RIVET  &  MACHINE  CO.^  PHILADELPHIA  33.  PENNA. 


Communication  Through 
the  Age§ 

By  Alfred  Still.  Murray  Hill  Books, 
Inc.,  New  York,  N,  Y.,  201  pages, 
$2.75. 

The  author  of  “Soul  of  Amber" 
and  “Soul  of  Lodestone”  continues 
his  exploration  of  19th  century 
technical  literature,  to  bring  forth 
another  highly  readable  review  of 
man’s  early  gropings  in  search  of 
scientific  achievefhent.  This  time 
the  goal  is  man’s  desire  to  commun¬ 
icate  beyond  range  of  his  voice — a 
goal  as  yet  unattained,  in  the  au¬ 
thor’s  opinion — because  man  has 
not  yet  learned  to  make  words  con¬ 
vey  the  exact  intended  meanings  of 
his  thoughts  even  in  direct  conver¬ 
sation. 

The  account  begins  logically  with 
drums,  fire,  and  smoke,  covers  19th 
century  and  earlier  uses  of  rays  of 
light  for  signaling,  then  traces  the 
beginnings  of  telegraphy  with 
sparks  of  electricity  and  streams  of 
electrons.  Highlight  of  the  entire 
book  is  the  story  of  man’s  many 
attempts  to  achieve  telegraphic 
communication  across  the  Atlantic; 
after  early  failures  of  the  Atlantic 
cable,  work  was  actually  started 
both  in  Russia  and  in  Canada  on  a 
wood-pole  telegraph  line  that  would 
link  U.  S.  with  the  capitals  of  west¬ 
ern  Europe.  Successful  laying  of 
the  new  Atlantic  cable  in  1866 


A  heavy  walled  paper  tube  core 
center  is  used  in  the  voltage  coil  of  these 
watthour  meters  to  separate  the  coil  from 
the  laminated  iron  sections.  It  helps  pro¬ 
vide  good  insulation  to  ground  in  order 
to  withstand  possible  high  surge  voltages. 

This  is  typical  of  the  wide  use  of 
PARAMOUNT  paper  tubes  by  leading 
manufacturers  of  electrical,  radio  and  elec¬ 
tronic  products.  With  over  15  years  of 
specialized  experience,  PARAMOUNT 
can  produce  exactly  the  shape  and  size 
tubes  you  need  for  coil  forms  or  other 
uses.  Square,  rectangular,  or  round.  Hi- 
Dielectric,  Hi-Strength.  Kraft,  Fish  Paper, 
Red  Rope,  or  any  combination,  wound  on 
automatic  machines..  Tolerances  plus  or 
minus  .002".  Made  to  your  specifications 
or  engineered  for  you. 


Lists  great  variety  of 
stock  arbors.  Includes 
mony  odd  sizes.  Write 
for  Arbor  List  today. 

Inside  Terimelers  from 
.592'  to  19.0' 


PARAMOUNT  PAPER  TUBE  CORP. 

616  LAFAYETTE  ST.,  FORT  WAYNE  2,  INDIANA 

Manufacturers  of  Paper  Tubing  for  the  Electrical  Industry 
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Star  . 

Specialists  in  Internal 
and  External  Perfect 
Threaded  Die  Cast  Units 


Infricafe  parts  of  100%  rust-proof 
Zinc  alloy. 

Accurate  to  specification  Held  to 
tolerances  of  .005. 

Threads  require  no  machining. 

Ideal  for  instrument,  small  machine 
and  minute  electronic  parts. 

Producers  of  the 
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JE-10  STAR  MINIATURE  SOCKET 
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STRAIGHTENERS. 
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Precision  Movement  •  Dependability  Unlimited 

Alnico  Magnets  in  all  DC  Instruments — Phosphor  bronze  control  springs — perfectly 
aligned  jewel  supports — non-shifting  balance  weights — added  to  its  many  other 
superior  construction  features  enables  Burlington  Instruments  to  maintain  critical 
characteristics. 

All  ranges  AC  or  DC  available  in  2}'*,  31",  4|"  sizes,  rectangular  and  round. 
Inquiries  invited  for  your  specific  requirements. 

BURLINGTON  INSTRUMENT  COMPANY  BURLINGTON,  IOWA 
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doomed  this  line  to  dormancy  for 
three  quarters  of  a  century  more, 
until  the  U.  S.  Army  Signal  Corps 
completed  in  Nov.  1943  a  2,000-mile 
overland  telephone  line  paralleling 
the  Alaska  Highway. 

Other  chapters  cover  the  begin¬ 
nings  of  telephony,  radio,  and  tele¬ 
vision,  but  the  author’s  heart  is 
with  the  19th  century  and  there  are 
little  but  sketchy  details  of  20th 
century  achievements  in  these 
fields.  This  is  both  understandable 
and  commendable ;  no  one  book 
could  begin  to  cover  recent  develop¬ 
ments  adequately,  and  it  is  much 
more  interesting  from  a  writing 
standpoint  to  probe  into  old  books 
than  try  to  make  sense  out  of  the 
hectic  early  days  of  radio.  In  re¬ 
tirement  after  serving  for  21  years 
as  professor  of  electrical  engineer¬ 
ing  at  Purdue  University,  the  au¬ 
thor  is  definitely  enriching  the  lit- 
I  erature  of  science  with  his  stream¬ 
lined  historical  anecdotes. — j.  M. 


Try  a  Clarostot  volume  con- 
troL  You'll  be  amazed.  Here's  a 
replacement  '  control  that's  got 
everything — line  performance,  de¬ 
pendability.  longest  life,  because 
of  these  features  .  .  . 


This  graph  shows  fr«qu*ncy  rongos 
cov*r«d  by  aoch  unit.  Writ#  us  (or 
your  (ull-six«  copy. 


Mathematical  Aids  I 

for  Engineers 

By  Raymond  W.  Dull,  Consulting  En¬ 
gineer.  McGraw-Hill  Book  Co.,  New 
York,  N.  Y.,  1946,  346  pages,  $4.50. 

With  conciseness  approaching 
that  of  a  reference  manual,  this 
sequel  to  the  author’s  earlier 
“Mathematics  for  Engin'feers”  pre¬ 
sents  elementary  basic  mathemat¬ 
ical  tools  essential  to  higher  mathe¬ 
matics.  Illustrative  examples  show 
applications  of  the  techniques  to  en¬ 
gineering  problems  created  by  de¬ 
velopments  of  recent  years.  Topics 
covered  include  organic  growth,  or¬ 
ganic  decay  functions,  circles  as 
tools,  vectors,  ray  and  string  poly¬ 
gons,  imaginary  and  complex  num¬ 
bers,  hyperbolic  functions,  motions, 
impulse  -  impact  -  momentum  equa¬ 
tions,  increments,  images,  and  dif¬ 
ferential  equations. — J.  M. 


Five  Standard 
Slug -Tuned 
LS3  Coils  Cover  ' 
'/x  to  184  me 

For  strip  amplifier  work,  the 
compact  (,1H"  high  when 
mounted)  CoU  is  ideal. 
Also  for  ^ters.  Oscillators, 
Wave-Traps  or  any  purpose 
where  an  adjustable  induct¬ 
ance  is  desired. 

Five  Standard  Windings — 

1, 5, 10, 30  and  60  megacycle 
coils  cover  inductance 
ranges  between  750  and 
0.065  microhenries. 

CTC  IjS3  Coils  are  ea^  to 
assembly,  one  hole  is  all 
you  need.  Each  unit  is  du¬ 
rably  varnished  and  sup¬ 
plied  with  required  mount¬ 
ing  hardware. 

SPECIAL  COILS 

CTC  will  custom-engineer 
and  produce  coils  of  almost 
any  size  and  style  of  wind¬ 
ing...  to  the  most  particu¬ 
lar  manufacturer’s  specifi¬ 
cations. 


★  Tima-lMtad  and  pror 
1  *ad  alamant.  Accurc 
rMlatoncs  toIum  n 
or*r  long  Mrric*  Ui*. 


★  Rosiatanc*  alamant 
Smoothost  op 
cial  alloy  contoct. 


★  ProtoctiT*  metal  cop. 
casing  prorides  highest 
resistance. 


Again  we  eay,  try  a  Clarostot  volume 
control.  Our  local  Jobber  has  a  copy  ol 
the  latest  Qorostat  catalog  waiting  ior 
you.  Or  write  us. 


Radiol’s  Conquest  of  Space 

By  Donald  McNicol.  Murray  Hill 
Books,  Inc.,  New  York  16,  N.  Y.,  1946, 
374  pages,  $4.00. 

Names,  places,  events  and  dates  re¬ 
lated  to  the  development  of  radio 
communication  have  been  collected 
by  the  author,  divided  into  30  con¬ 
venient  categories,  then  arranged 
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NEW  lOOKS  (continued) 

more  or  less  chronologically  within 
batches  and  tied  together  with 
smooth-flowing  continuity  to  make 
up  the  30  chapters  of  this  book.  One 
annoying  but  apparently  unavoid¬ 
able  result  of  this  technique  is  the 
abrupt  flyback  one,  two,  or  more 
decades  at  the  start  of  a  new  chap¬ 
ter  after  having  come  right  up  to 
the  present  at  the  end  of  the  prev¬ 
ious  chapter. 

Any  attempt  to  cover  even  the 
communication  aspect  of  radio 
within  the  confines  of  a  374-page 
book  is  foredoomed  to  leave  many 
readers  dissatisfied,  because  of  the 
great  number  of  developments 
clamoring  for  detailed  attention. 
Because  of  the  necessary  omissions 
and  the  briefness  of  many  cita¬ 
tions,  old-timers  may  find  much  to 
criticize  here,  but  certainly  the 
younger  generation  of  radio  en¬ 
thusiasts  will  find  the  book  stimu¬ 
lating. — J.  M. 

The  Servicing  of 

Television  Receivers 

Published  by  Philco  Corp.,  Philadel¬ 
phia,  Pa.,  1946,  140  pages,  $2.25. 

This  paper-covered  by  11  volume 
looks  and  reads  like  one  of  the  bet¬ 
ter  maintenance  instruction  man¬ 
uals  published  during  the  war  for 
the  purpose  of  indoctrinating  Serv¬ 
ice  personnel  in  radar  and  radio. 
From  the  first  page,  adequate  type, 
clean  cuts,  and  large,  clear  circuit 
diagrams  are  used  to  present  sim¬ 
ple,  factual  information  of  high 
value  to  the  television  receiver  tech¬ 
nician.  Any  possible  severity  in  the 
presentation  is  relieved  by  a  series 
of  resistor-capacitor  gremlins  bus¬ 
ily  engaged,  cartoon-wise,  in  dem¬ 
onstrating  the  “do’s”  and  “don’ts” 
referred  to  in  the  text. 

Although  the  television  system 
and  receiver  are  discussed  in  gen¬ 
eral  terms,  there  are  specific  circuit 
drawings  of  a  receiver,  a  trouble- 
cause-remedy  chart,  and  an  excel¬ 
lent  series  of  illustrations  of  the 
cathode-ray  .tube  display  under 
various  conditions  of  circuit  failure. 

Antennas,  the  greatest  potential 
stumbling  block  between  television 
studio  and  viewing  public,  have 
been  well  covered.  If  the  answer  to 
poor  reception  is  not  in  the  book, 
the  service  man  can  at  least  suspect 
a  faulty  antenna  from  the  em¬ 
phasis  given  the  subject. — A.  A.  M. 
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Backtalk 

This  department  is  oper* 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronirs  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 

Physiology  of  Hearing 

Dear  Editor: 

I  am  moved  to  write  a  criticism 
j  of  the  article,  “Auditory  Percep- 
I  tion,”  published  in  the  July  1946 
'  issue  of  Electronics  because  of  the 
damage  to  radio  receiver  design 
j  which  may  be  caused  by  its  appear- 
'  ance  in  so  influential  a  journal,  es- 
1  pecially  when  sponsored  editorially 
j  by  your  own  brief  laudatory  state- 
;  ment  on  its  initial  page.  You  wrote 
that  .  .  understanding  of  human 
hearing  and  its  relation  to  various 
types  of  tone-compensating  ar¬ 
rangements  is  an  aid  in  evaluating 
and  solving  problems  encountered 
in  perfecting  audio  transmission 
and  reproduction  systems.”  While 
I  quite  agree  with  your  statement 
in  general,  its  application  to  the 
article  in  question  seems  to  me  un¬ 
sound  or  at  least  premature. 

Essentially,  the  difficulty,  as  I 
view  it,  is  that  Goodell  and  Michel 
do  not  really  accept  the  ear  as  the 
basic  perceptor  of  sound,  so  far  as 
human  hearing  is  concerned,  but 
rather  regard  it  as  an  imperfect  in¬ 
strument  for  which  the  good  radio 
engineer  should  compensate. 
Whether  the  type  of  compensation 
they  suggest  is  preferable  to  none 
has  not  been  demonstrated. 

Let  us  assume,  for  the  sake  of  ar¬ 
gument,  that  we  have  perfect  elec¬ 
trical  rendition  of  sound.  This 
would  mean  that  the  microphone, 
substituted  for  the  human  ear  at 
the  site  where  we  are  accustomed 
to  hear  the  sound  to  be  rendered 
(the  best  seat  in  the  orchestra,  for 
a  symphony),  would,  through  a 
suitable  transmitter,  have  con¬ 
verted  the  sound  into  an  electrical 
form  in  which  there  was  perfect 
reproduction  in  proper  phase  of  its 
frequency  components  and  their 
respective  amplitudes. 

I  At  present,  if  the  broadcasts  of 
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■ACKTALK  (continued) 

the  New  York  Philharmonic  Society 
are  taken  as  an  example,  this  as¬ 
sumption  is  not  completely  fulfilled, 
since  the  microphones  are  placed 
where  no  listener  would  want  to  sit. 
The  result  is  that  the  intensity  of 
reflected  sound  is  reduced  relative 
to  the  direct  sound  from  the  instru¬ 
ments,  but,  practically,  this  may  be 
preferable  because  of  the  further 
reflections  which  occur  on  reproduc¬ 
tion  in  the  home.  However,  we 
make  the  assumption  for  purposes 
of  discussion. 

If  the  listener  used  a  perfect  re¬ 
ceiver,  one  which  converted  back 
into  sound  without  amplitude, 
phase,  or  frequency  distortion  the 
electrical  signal,  he  would  hear  (as¬ 
suming  no  reverberation)  exactly 
what  he  would  have  heard  if  he  sat 
where  the  transmitting  microphone 
had  been  placed,  provided  the  vol¬ 
ume  was  adjusted  to  the  same  in¬ 
tensity.  If  he  turns  the  volume 
lower,  he  will  hear  a  different  rendi¬ 
tion. 

Goodell-  and  Michel,  pointing  to 
the  shift  in  man’s  frequency- 
response  curve  as  intensity  is 
changed,  would  modify  the  receiver 
so  that,  when  the  volume  is  lowered, 
the  sound  is  distorted  in  such  a  way 
that  the  human  ear  would  then  re¬ 
spond,  despite  the  lowered  intensity, 
as  though  the  sound  were  still  at 
the  original  intensity. 

But  this  is  quite  unphysiological 
— quite  different  from  norma!  ear 
function.  If  the  orchestra  were  to 
play  more  softly  (leaving  out  of 
consideration,  now,  the  resulting 
change  in  the  relative  intensities 
of  harmonics),  the  listener's  hear¬ 
ing  responds  by  shifting  the  em¬ 
phasis  of  the  lower  notes,  as  shown 
in  the  frequency-response  curves. 
This  shift  is  expected,  being  char¬ 
acteristic  of  all  sound  heard  by  the 
listener. 

If,  artificially,  the  radio  engineer 
enhances  the  treble,  when  volume  is 
reduced,  the  listener  will  hear 
something  different  from  what  he 
is  accustomed  to  hear  at  these 
sound  levels.  The  musically  trained 
listener,  I  suspect,  would  reject 
such  compensation  as  distortion  and 
would  prefer  the  linear  type  of  re¬ 
ceiver. 

It  is  at  this  point  that  I  must  ad¬ 
mit  that  a  matter  of  opinion  has 
entered.  It  is  my  impression,  as  I 
have  said,  that  the  distortion  sug- 
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lACKTALK  (continued) 

gested  by  the  authors  would  be  re¬ 
garded  as  unnatural.  However,  it  is 
possible  that  the  ear  and  brain  may 
interpret  the  resulting  effect,  oot  as 
distortion,  but  as  the  original 
sound  heard  at  a  higher  intensity 
(nearer  the  one  heard  if  one  sat 
in  the  studio  or  hall)  than  the 
actual  one.  *  __ 

I  am  not  aware  that  this  possi¬ 
bility  has  been  explored  and  proven 
to  exist.  If  it  does,  my  own 
opinion,  which  doubts  the  actuality 
of  this  possibility,  will  have  to  be 
changed.  But  the  burden  of  proof, 
it  seems  to  me,  most  certainly  rests 
on  those  who  offer  an  innovation 
and  proof  is  lacking  in  the  paper 
In  Electronics. 

To  my  mind,  the  linearity  of  the 
receiver  I  referred  to  should  be 
measured  by  comparing  sound  in¬ 
tensity  where  the  listener  is  to  sit 
v^ith  reference  to  the  receiver,  and 
the  amplitude  of  the  audio-frequency 
modulation  of  the  radio  signal. 
Thus,  a  linear  receiver  would  al¬ 
most  certainly  require  bass  boost, 
particularly  at  low  levels,  because 
of  the  relative  inefficiency  of  elec¬ 
trical  conversion  into  sound  in  this 
range. 

To  restate  my  objection — the  job 
of  the  radio  engineer  is  not  to 
“improve”  upon  the  ear  unless  he 
has  demonstrated  that  the  improve¬ 
ment  will  be  interepreted  by  the 
listener  as  an  actual  improvement 
rather  than  as  distortion.  If  we 
are  to  hear  reproduced  sound  at 
different  intensities  from  the  ori¬ 
ginal,  verisimilitude,  I  believe,  re¬ 
quires  that  the  ear  be  permitted  to 
hear  it  as  though  the  original  were 
at  this  lower  intensity. 

Actually,  I  doubt  whether  this  is 
an  important  problem:  the  better 
the  receiver,  the  louder  it  can  be 
played  with  enjoyment  until,  I  ex¬ 
pect,  the  same  intensity  as  the 
original  sound  will  be  the  custom¬ 
ary  one  and  the  problem  considered 
by  Goodell  and  Michel  will  have 
disappeared.  They  themselves  in¬ 
dicate  this  goal :  “True  high  fidelity 
would  be  indistinguishable  from 
the  original.” 

Harold  Lamport 

Research  Associate 
Laboratory  of  Phystology 
Yale  University  School  of  Medicine 
Neto  Haven,  Connecticut 
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tlx  months  ogo,  tho  now  Amporox  VC50  and  VC25 
vacuum  condonsors  havo  proved  themselves  a  real  contribu¬ 
tion  in  communication,  dialectric  heating  and  electro-medical 
opporotus.  Their  higher  current  handling  ability  and  lower 
losses  in  reduced  space  suggest  important  simplifications 
in  equipment  design.  Oscillators  using  Amperex-developed 
circuits  and  Amperex  VC  capacitors  meet  proposed  FCC 
stability  regulations 
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NEW  TECHNIQUES:  Design  and  manufac¬ 
turing  techniques  evolved  for  high  power 
copper  anode  tubes  were  successfully 
brought  to  bear  in  developing  the  unusual 
qualities  of  Amperex  VC50  and  VC25 
vacuum  condensers.  Unique  all-copper 
OFHC  construction,  large  area  seals,  un¬ 
usual  mechanical  ruggedness  and  elimina¬ 
tion  of  welds  insure  more  efficient  and 
economical  operation. 

PRIOR  ART:  When  the  vacuum  condenser 
project  was  initiated  in  the  Amperex 
laboratory,  one  of  the  first  steps  was  the 
prolonged  testing  cf  all  available  types 
under  field  conditions.  Concentrated  high 
frequency  fields  and  bottlenecks  to  current 
passage  were  common  to  all.  These  "hot 
spots”  inevitably  resulted  in  overheating, 
creating  the  risks  of  puncturing  and  dis¬ 
tortion  of  the  delicate  balance  of  elements. 

THE  SHAPE  OF  THINGS:  More  than  200 
theoretical  shapes  for  the  VC50  electrodes 
were  tested  in  the  electrolytic  bath.  Re¬ 
sulting  lines-of-force  curves  dictated  the 
shapes  finally  adopted.  These  spread  the 
fields  of  force,  eliminating  destructive  con¬ 
centrations.  It  was  discovered,  also,  that 
elements  carrying  high  frequency  current 
had  to  offer  surface  areas  much  larger 
than  those  which  had  contented  older 
practice.  Wires  even  of  comparatively 
large  diameter  were  found  electrically  in¬ 
sufficient  and  in  addition,  presented  me¬ 
chanical  hazards.  Elimination  of  current- 
carrying  welds  was  indicated.  Basic  de¬ 
velopments  and  numerous  manufacturing 
refinements  growing  out  of  these  tests 
were  built  into  the  Amperex  VC  series. 
They  are  responsible  for  outstanding  per¬ 
formance  records. 
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attenuation  from  150  kc  to  400  me,  thus  permit¬ 
ting  -operation  of  sensitive  •  high-frequency  test 
apparatus  in  close  proximity  to  electric  production 
equipment,  welding  generators,  repulsion  motors, 
and  high-frequency  induction  heating  equipment. 
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Mechanical  design  and  assembly  conform  to 
practical  electrical  installation  requirements. 
Outer  housings  are  of  welded  steel ;  knockouts 
at  each  end  accommodate  electrical  con¬ 
duits:  heavy,  threaded  ^tuds  facilitate  at¬ 
tachment 'of  cable  lugs. 
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These  units  employ  non-inductive,  mineral-oil  im¬ 
pregnated  capacitors;  the  inductors,  of  large  cross 
section,  have  low  series  resistance,  hence  voltage 
drop  is  negligible.  Overload  ratings  are:  150%  of 
ampere  rating  for  one  hour;  200%  of  voltage 
^  rating  for  one  minute. 


Widely  used  by  government,  college,  and  indus¬ 
trial  laboratories,  Tobe  Screen  Booth  Filters  will 
meet  your  need;  Bulletin  472  E  ,  free  on  request, 
gives  additional  data.  For  information  about  the 
complete  line  of  Tobe  Filterettes  and  Capa¬ 
citors,  ask  for  our  general  catalog.  ^ 
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